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PREFACE, 


OF the many interesting problems involved in the elu- 
cidation of the life-history of the various members of the 
fungus kingdom, there are none more important to the 
agriculturist than those connected with the development 
of the Uredinez and Ustilagineze. Not alone to the culti- 
vator of plants are these phenomena of interest, but also 
to the student of botany and microscopy. 

The work of Tulasne in France, and of De Bary in 
Germany, during the past thirty years, laid the foundation 
of our knowledge of the biology of these fungi. More 
recently the continued researches of De Bary, of Schroter, 
the late Dr. Winter, Wolff, Kithn, Magnus, Woronin, and 
Hartig in Germany, of Oersted, Rostrup, and Nielsen in 
Denmark, of Fischer Von Waldheim in Russia, and of 
Farlow and Thaxter in America, have so increased our 
information as to render necessary a re-classification of our 
British species. 

The object of the present work is to supply the British 
student, not only with improved descriptions of these para- 
sites, but also with an account of their life-history as far 
as this is at present known. 
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With this object, the materials from which the following 
pages are compiled have been collected from the various 
handbooks, transactions, pamphlets, and periodicals in 
which .the several authors have published their work. 
This has been a task of some little difficulty, and has 
taken several years to accomplish. It has been my en- 
deavour in all cases to acknowledge the individual work 
of each author, but has not always been possible for me to 
do so. 

The descriptions of the species are in the main those 
of the late Dr. Winter in the new edition of Rabenhorst’s 
“Kryptogamen-Flora,” although I have not scrupled to 
amend them in various ways, partly from my own observa- 
tions, and partly from the writings of others. The arrange- 
ment of the species is that first proposed by Dr. J. Schréter 
and employed by Winter in the above-named work, to 
which I must refer the student for the descriptions of those 
European species which are not known to be British, as 
well as for the full details of the synonymy of those 
described in the present work. As the present generation 
of British students owe their knowledge almost exclusively 
to the writings of Dr. M. C. Cooke, the synonymy of his 
two works, “The Handbook of British Fungi,” and “ Micro- 
scopic Fungi,” is given in full. The synonymy of the 
older British botanists has, however, not been omitted. 

The biology of the Uredinez is, in the main, the work 
of the late Professor De Bary, and of the Ustilaginez that 
of Von Waldheim, Brefeld, and Schréter. During the past 
seven years I have devoted much time to these two groups 
of fungi, and have made between nine hundred and a 
thousand experimental cultures, with the object of working 
out the life-history of those species of which it was unknown, 
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as well as of testing the accuracy of the statements of other 
botanists. The results of my cultures have been from time 
to time published in various botanical periodicals of this 
and other countries, and in the Transactions of the Linnean 
and Royal Societies. 

It was at one time hoped, when the zcidiospores and 
uredospores were shown not to be distinct species, that con- 
tinued biological investigation would materially lessen the 
number of species of the Uredinee. I am convinced, 
however, that modern botanists have erred in grouping 
together forms on account of the similarity of the teleuto- 
spores; for instance, the Pucciniz on the Composite, 
Labiate, Umbellifere, etc. The proper limitation of 
species of these parasites cannot be effected on purely 
morphological grounds ; it can only be accomplished when 
the morphological characters are supplemented by a know- 
ledge of the life-history of each individual species. 

I am greatly indebted to my friend, Professor J. W. H. 
Trail, of Aberdeen, for his kind assistance in. the revision 
of the proof-sheets. 

I have also to thank numerous friends and corre- 
spondents, both in this country and abroad, for information 
and material for experiment, amongst whom I must 
mention Professor Farlow, of Harvard University; Mr. 
W. B. Grove; Rev. Dr. Keith; Dr. P. Magnus, of Berlin ; 
Mr. W. Phillips, F.L.S.; Mr. H. T. Soppitt; Professor P. 
Sorauer, of Proskau; Rev. Dr. Stevenson; Rev. J. E. 
Vize ; the late Dr, Winter, and many others. 
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CHAPTER. I. 
BIOLQGY OF THE UREDINEAZ/—INTRODUCTORY REMARKS. 


THE Uredinez constitute a large and important group 
of parasitic fungi, affecting honey plants and ferns, 
representatives of which are familiar to every student of 
nature, practical agriculturist, and working microscopist. 
In whatever part of the world phanerogams appear, these 
parasitic cryptogams accompany them. 

Our present object is to obtain an insight into. the life- 
history and the structure of those species which are known 
to occur in Great Britain, Much has been elucidated con- 
cerning these points during the past twenty years, but still 
much remains to be discovered. 

They all grow as parasites upon some living plant, 
independently of which they cannot exist, and consist 
of two essential elements—spores and mycelium. 

The spores every one sees; the mycelium, on account 
of its inconspicuous nature, and because it cannot be seen 
without some little effort, no one takes the trouble to look 
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for. The vegetative mycelium of most of the Uredinez 
is very similar, although the spores are very diverse. The 
mycelium, being present in the appropriate host-plant, may 
give origin to several different kinds of spores, according 
to the nature of the Uredine under examination, each kind 
of which was regarded by the older botanists as being a 
distinct genus (cidium, Uredo). While it is true that 
the relationship between the various spore-forms was 
suspected as early as the beginning of the present century, 
yet its actual demonstration has been accomplished only 
within the last thirty years. From the investigations of 
Tulasne and De Bary, we now know that each spore-form 
has a life-history of its own, that they are often products 
of the same mycelium grown among different environments, 
and that they all arise from some antecedent spore-form. 
The ultimate condition in which all the Uredinez are 
encountered is the teleutospore, which, after a longer or 
shorter period of quiescence, manifests its vitality by ger- 
minating and producing a body—the promycelial spore. 
The promycelial spore may then be regarded as the 
beginning of the series of spore-forms of which the teleu- 
tospore is the end. 

The actual number of spore-forms intervening between 
the promycelial spore and the teleutospore is subject to 
considerable variation in different species, 

1. The promycelial spore, after emitting a germ-tube, 
which enters the tissues of its appropriate host-plant, may 
give rise to a mycelium, which produces teleutospores 
exactly similar to the teleutospore from which it originated 
(Leptopuccinia, Micropuccinia). 

2. The promycelial spore in a second group of the 
Uredinez, in like manner, gives rise to a mycelium which 
produces uredospores, and subsequently teleutospores 
(Hemipuccinia). 
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3. The promycelial spore may give rise to a mycelium 
which produces, first, spermogonia, then zecidiospores, then 
uredospores, and finally teleutospores (Auteupuccinia). 

Certain minor variations in the life-cycle occur; for 
example, the uredospores may be suppressed, so that we 
have only zcidiospores and teleutospores (Pucciniopsis), 
or the spermogonia and zxcidiospores may occur on one 
plant, and the uredospores and teleutospores upon another 
of a totally distinct kind (Heteropuccinia). 

Each of the above spore-forms has its own peculiarity 
of structure, as well as origin, so that it will be better, for 
clearness, to describe them separately. 

The spore relations may be thus tabulated :— 


PROMYCELIAL SPORE. 


Teleutospore Uredospore Spermogonium Spermogonium 
Teleutospore | Uredospore fEcidiospore — 
Teleutospore Uredospore ~ 


Teleutospore - 
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CHAPTER. II. 
MYCELIUM OF THE UREDINEA’. 


THIS is, of course, common to all the different spore- 
forms, inasmuch as it is that part of the fungus which 
develops them. It consists of a number of hyaline tubes 
that extend themselves principally between the cells of 
the host-plant. In some instances these tubes send short 
branches into the cells (haustoria), but the haustoria are 
not so common nor so well developed as in some other 
parasitic fungi (Peronosporee, Ustilaginee). In the 
tropical genus Hemileia* the haustoria are unbranched, 
thin-stemmed vesicles, very like those of Cystopus. Bagn ist 
has figured the haustoria of Puccinia malvacearum, but his 
figure is of a doubtful character ; and Barclay} has depicted 
an arborescent haustorium on the mycelium of cidium 
urtice, var. himalayense. 

The mycelial tubes (Plate I. Figs. 1 and 2) consist of 
hyaline, membranous walls, containing usually a colourless 
watery fluid. They are rendered more distinct by the 


* Marshall Ward, ‘‘On Hemileia vastatrix,” Zinn. Soc. Four. Bot., vol. 
xix., and Quart. Four. Micr. Science, new series, vol. xxi. 
+ Bagnis, ‘‘ Obs. Vita et Morphol. Funghi Uredinei,” t. i. fig. 11. 


t Barclay, ‘‘ Scientific Memoirs by Medical Officers of the Indian Army” 
(1887), t. iv. fig. 4. 
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action of caustic potash (KHO). The tubes themselves 
are rather irregular in their outline, and branch at frequent 
intervals, These branches unite with other mycelial tubes, 
so as to form an anastomosing irregular network, which 
pervades more or less widely the tissues of the affected 
plant. At rare intervals transverse septa are seen. The 
function of this mycelial network is to utilize the elabo- 
rated material which the host has prepared for its own use, 
and to turn it into a suitable pabulum for the sustenance of 
the fungus. 

The extent to which the mycelium permeates the 
tissues of the host-plant varies; in the majority of cases 
it is localized and confined toa limited area. The germ- 
tube from a single spore having once entered the tissues 
of a leaf, the tendency of the mycelium thereby pro- 
duced is to spread equally in all directions in a centrifugal 
manner. Many causes, however, come into operation 
which tend to prevent the ultimate spore products being 
equidistant from the centre. This may be due, in part, to 
the mycelial hyphe growing more luxuriantly in one 
direction than in another; but to a great extent it arises 
from a want of uniformity in the tissues of the host-plant. 
Still, however, we are often able to observe that the 
fructification of those Uredines which have a limited 
mycelial growth, is arranged either in a circle or in more 
or less circular manner (Puceinia lychnidearum, Uroutyces 
scillarum, Caoma orchidis, Atcidium zonale). In those 
cases in which the mycelium is developed in a leaf with 
strongly marked venation, this tends to exert a directive 
influence upon its extension; for example, the primary 
uredospores of Triphragmium ulmarie and Uromyces 
alchemille. The same directive influence of the tissues of 
the host-plant is seen in the linear arrangement of the 
sori of Puccinia magnusiana, graminis, rubigo-vera, etc., 
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especially when they occur upon the stems or cauline 
sheaths of their graminaceous host-plants. 

The presence of the mycelial hyphe generally acts as 
a local stimulant to the tissues in which they are present, 
as is evinced by the increased thickness which is often 
associated with a concave arching or vaulting of the 
affected places (Zcidium grossularia, berberidis, Restelia 
cancellata). When the stems are affected, this is usually 
shown very markedly by the development of swellings and 
distortions; as a rule these are more or less fusiform, and 
often induce considerable bending of the attacked stem 
(P. difformis, Kze.; Ur. trifolit), Even upon these cauline 
tumefactions may often be traced the concentric arrange- 
-ment of the sori. The stimulation of the affected part 
may be carried to such an extent as to kill the invaded 
tissues; thus we often find the older leaves of Malva 
sylvestris and Althea rosea with numerous circular holes, 
punched as it were out of them. Each of these has been 
the seat of the very localized mycelium of Puccinia malva- 
cearum, which has by its presence killed a circumscribed 
portion of the entire thickness of the leaf tissue, so that, as 
the leaf itself expands, the dead area above described 
becomes separated round its circumference and falls out, 
leaving a circular hole. The above-described perforated 
foliage is most observable after a period of drought; in 
rainy weather the reproduction of the parasite is so rapid 
that the entire leaf tissue is quickly invaded by the fungus 
and totally destroyed. The same dropping out of mycelial 
areas occurs upon the stem; here, however, the hyphz 
only penetrate the external parts, so that when the affected 
spots drop out an elongated or fusiform wound is left, at 
the bottom of which the central woody part of the stem 
is exposed. Schroter* has pointed out that a somewhat 


* Schroter, ‘‘Cohn’s Beitrage,” vol. ii. p. 88, 
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similar circumscribed dead area surrounds those sori of 
P. annularis which are formed late in the year, and that 
it is by means of teleutospores contained in these sori that 
the fungus is reproduced in the following spring. 

The localized mycelium of the zcidiospores especially, 
has a powerful influence upon the chlorophyll, causing it 
to lose its green colour, and, as De Bary * has pointed out 
with &. cancellata, making it disappear entirely. The 
affected tissue is found to contain an immense number of 
minute starch granules, To such an extent does the 
development of starch take place, that in the Himalayas 
the natives eat the hypertrophied stems of Urtica parvi- 
folia, which are affected with 2c. urtice, on account of 
the abundant nutritive starchy material they contain. 
The hypertrophies are eaten just before the acidia open, 
and are said to resemble cucumber in flavour.t The 
affected places generally assume some tint of yellow or 
reddish yellow, more or less bright. In the Polygonee the 
spots are bright red or purplish (4c. rumicis,U redo bifrons). 
In other cases they are yellow, surrounded by a purplish 
or reddish border (4c. zonale, behenis), Ina few instances 
all colour is more or less discharged, and the spots appear 
whitish (4c. albescens, leucospermum). 

The mycelium of all species is by no means thus 
localized. With some Uredines, on the contrary, it per- 
vades the whole plant with the exception of its roots— 
stem, leaves, petioles, peduncles, and the upper part of 
the root-stock. De Bary{ has shown that when the 
mycelium of a Uredine can be traced into the perennial 
parts of the host-plant, it is itself perennial; thus with 


* De Bary, ‘‘ Brandpilze,” p. 73. 

+ Surgeon-Major A. Barclay, ‘‘ On Aicidium Usgicz,” ‘Scientific Memoirs 
by Medical Officers of the Indian Army ” (1887), p. 2. 

t De Bary, ‘‘ Neue Untersuchungen iiber Uredineen ” (1865), pp. 20, 21. 
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Endophyllum euphorbie it is found more particularly in 
the pith and in the inner parenchyma of the bark of the 
affected plants. In plants of Anemone nemorosa, it may be 
found in the leaves, stems, and vascular bundles of the 
upper part of the rhizome, as is likewise the case with the 
host-plants bearing Uvedo suaveolens and Ac. tragopogonis. 
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CHAPTER III. 
SPERMOGONIA AND THE SO-CALLED SPERMATIA. 


THESE bodies are produced by the mycelium, which arises 
directly from the entrance of the germ-tube of a promy- 
celial spore, or from a perennial mycelium permeating the 
tissues of the host-plant. 

The hyphz which are destined to form a spermogonium 
bec6me interwoven into an inextricable network in the 
subepidermal tissues of the host-plant. They pass for the 
most part between the cells, and are found more frequently 
septate where a spore-bed is about to be formed than when 
they are encountered elsewhere in the tissues of the host- 
plant. Their contents are watery and transparent. From 
this tangled mesh, immediately beneath the epidermis, are 
given off a great number of branches of much smaller 
diameter, as a rule about 2 or 3u. The general direction 
of these finer branches is towards the epidermis, They 
incline towards a central point, however, and so come 
together, forming a pyriform or subglobose body, the upper 
part of which is covered only by the cuticle of the host- 
plant. This body soon assumes a pyriform or flask-shaped 
contour (Plate I. Fig.3). The neck of the flask bursts through 
the epidermis as a minute conical point, which can be seen to 
consist of a vast number of straight hyphe, parallel to one 
another in the main, but all sloping upwards, converging 
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to the apex of the cone. The outer walls of this body are 
embedded between the cells of the host-plant, and are like- 
wise composed of similar fine hyphae, placed side by side. 
A section of the spermogonium at this time shows its 
interior to consist of similar converging parallel hyphz. 
Very soon those hyphz which constitute the emerging 
apex separate from one another, so as to appear as a brush 
of stiff hair like bodies (paraphyses) ; in the centre of this 
brush is a minute canal, which passes downward to the 
interior of the body of the spermogonium (Plate I. Fig. 4). 
The apices of those converging hyphze which occupy the 
lower part of the spermogonial interior, are now seen to 
be surmounted by very minute irregularly oval or rounded 
bodies (Plate I. Fig. 5)—the so-called spermatia. These 
spermatia vary in size, not only in the different species, but 
also in the same spermogonium. In those I have examined, 
they were from 5 to 8u long, and 3 or 4 or even 6u wide. 
Tulasne * gives the measurement of the spermatia of 
Triphragmium ulmarie and Puccinia fusca as from § to 
6u long, while those of most the A®cidia and of Coma 
pingue and C. ridesii are rarely more than 4u long. The 
spermatia are produced in linear series from the apices of 
the hyphz (sterigmata), which fill the interior of the sper- 
mogonium. These are held together by a viscid, gelatinous 
substance, which at first fills the bottom of the canal; but 
as more spermatia are produced, gradually the whole canal 
becomes full, and eventually the mass oozes out at its upper 
end in the form of a globule. The cause of the expulsion 
of the spermogonial mass is, as De Bary ¢ has shown, the 
imbibition of moisture, which causes the investing gela- 
tinous material to swell. As the spermogonium advances 
in maturity, its flask-like neck opens out, so that, instead 


* Tulasne, ‘‘2e Mémoire,” p. 118, 
+ De Bary, ‘‘ Brandpilze,” p. 60, 
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of resembling a flask with a bristly mouth, it comes to be 
a cup-shaped depression on the surface of the leaf, sur- 
rounded by a hedge of stiff bristles (Plate I. Fig. 4). The 
function of these bristly paraphyses appears to be that of 
preventing the exuded mass of spermatia and jelly from 
being bodily washed off the surface of the leaf by rain. 
This is the more necessary, because it is during wet weather, 
as we have seen, that the spermatia, from the imbibition of 
moisture by their investing jelly, are brought to the surface 
of the leaf at all. The paraphyses occur with all spermo- 
gonia except those of the Phragmidia. 

Whatever their functions may be, whether as a spore- 
form or as spermatia properly so called, it is obvious that, 
by being held together by a viscid substance, their chance 
of dissemination by currents of air, etc. is but small. To 
a certain extent their diffusion over a limited area might 
take place in very wet weather. Rdthay* has, however, 
shown that the spermatial mass contains a certain amount 
of some saccharine material mixed with it—a substance 
which has the power of reducing Fehling’s solution; and 
further, that, as a matter of fact, insects do visit spermo- 
gonia for the sake of this saccharine matter, and are thereby 
unwittingly the agents for the distribution of the spermatia. 
Of this latter point, he obtained actual demonstration in 
the following manner. He had standing upon his window- 
sill some plants of Euphorbia amygdaloides, upon which a 
large number of spermogonia of Exdophyllum euphorbie 
were in the act of exuding their contents. One day, as he 
approached the window in question, he noticed some flies, 
which were busy upon these leaves, fly away from the 
leaves and alight upon the window pane. Closer scrutiny 
showed that the flies had left their wet footmarks upon the 


* Rathay, ‘‘ Untersuchungen iiber die Spermogonien der Rostpilze.” Wien: 
1882, 
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glass. These footmarks were found, upon microscopic 
examination, to contain the spermatia of the Endophyllum, 
Further investigation of the subject led him to the con- 
clusion that this sugary matter in the spermogonial 
contents acts as a bait to attract insects, and he has 
observed some 135 species, of which 31 were Coleoptera, 
32 Hymenoptera, 64 Diptera, and 8 Hemiptera, thus visiting 
various spermogonia. The examination of the. spermo- 
gonia of Uromyces pist, Puccinia suaveolens, fusca, trago- 
pogonis, pimpinelle, Endophyllum euphorbia, Gymnosporan- 
gium sabing, and G. juniperinum, gave rise to copious 
deposits of suboxide of copper, when the washings of the 
affected leaves in distilled water were treated with Fehling’s 
solution ; less was obtained from Uvomyces dactylidis, Puccinia 
graminis, covonata, rubigo-vera, sylvatica, viole, Gymnospo- 
vangium clavariaforme, and Atcidium magelhenicum, and 
least of all with Puccinia poarum and A&cidium clematidis. 
Some of the spermogonial contents actually taste sweet 
when the tongue is applied to them, as those of G. sabine 
and juniperinum. The spermogonial contents of G. sabine 
were further found to contain dextrose and levulose, the 
latter predominating. 

Insects are not only attracted to the spermogonia 
by their saccharine contents, but also by the powerful 
odours which many of them possess. Persoon* long ago 
noticed the penetrating odour of the spermogonia of 
Puccinia suaveolens, which precede its uredospores; 
hence he called the Uredo, suaveolens. In a paper upon 
“Mimicry in Fungi,” ¢ I pointed out the probability of this. 
odour being for the purpose of attracting insect visitors, 
mimicking as it does the perfume of the flowers of Anothera 
biennis. Sowerby had already observed the fact that flies 


* Persoon, ‘‘ Synopsis Fungorum,” p, 221. 
+ Plowright, ‘‘ Mimicry in Fungi,” ‘ Grevillea,” vol, x. pp. 1-14. 
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visited this plant. Tulasne* remarked the odour of the 
spermogonia of cidium pini and of Uredo serratula, 
which he compared to that of the pollen of willows. 
Léveillé-+ noticed the odour of &cidium tragopogonis, 
which he said resembled the perfume of some flower. 
Rathay indicates that the possession of the pleasant odours 
is a special characteristic of those Uredines which have a 
perennial mycelium. The plants thus invaded are further 
rendered more conspicuous to insects by the manner in 
which the affected leaves or shoots grow. As he says, these 
have a strong negative geotropism. Not only are they 
more erect, standing above the other leaves or shoots, but 
they are further characterized by an alteration in their 
foliage ; while they are, as a rule, not only paler in colour, 
but also modified in form, being either more attenuated or 
the reverse. The Uredines with a short-lived mycelium, on 
the contrary, have their spermogonia produced upon the 
upper surface of the leaves on brilliantly coloured spots, 
which contrast more or less strikingly with the green colour 
of the healthy foliage. These spots are generally bright 
yellow or orange, often with a tinge of red. Sometimes 
they are white (4c. fabe) or purple-red (4c. rumicis). 
The negative geotropism is not, however, confined to the 
species with the perennial mycelium ; I have noticed it 
very markedly with some leaves of Senecio jacobea, upon 
which I had produced the zcidium of Puccinia scheleriana ; 
as soon as the ecidial spots became sufficiently developed 
to produce spermogonia, the leaves which bore them became 
almost erect, while the unaffected leaves remained horizontal. 

In either case the darker paraphyses surmounting each 
conceptacle finally attract the insect to the sugary globule. 


* Tulasne, ‘2° Mémoire,” p. 118. 
t Léveillé, in D’Orbigny’s ‘‘ Dict. Univ. d’Hist. Nat.,” tome xii. p. 175, 
sub. Uredines, 
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Although the paraphyses themselves, when seen singly as 
transparent objects, appear hyaline or yellowish, yet ex 
masse they are almost black in many species, and in all 
distinctly darker than the surrounding tissues. Their 
function, however, is not confined to the attraction of the 
insect visitors ; they also (as has been already stated) main- 
tain the spermatial globule in its place upon the leaf, 
and prevent it being bodily washed away. With regard 
to the presence of some saccharine matter in the spermo- 
gonial masses, I may add that I have found, in confirmation 
of Rathay’s statements, that the spermogonial contents of 
Puccinia obscura both reduced Fehling’s solution and also 
gave the reaction with the indigo-carmine test. 

The so-called spermatia were long regarded as not 
possessing the faculty of germination. Cornu,* however, 
found that when they were placed in water, in which a 
little white cane sugar had been dissolved, and exposed to 
the free action of the air, they were capable of germination. 
During the past five years I have repeated M. Cornu’s 
experiments, at first employing white sugar as the nutrient 
material. Under these conditions the individual spermatia 
at first assume a more regular outline than one commonly 
observes them to have as they are naturally exuded from 
the spermogonial receptacles (Plate I. Figs. 6, 7). They at 
one extremity give out a minute prolongation. This pro- 
longation does not develop into a germ-tube, but gradually 
increases in size, until it acquires the size and form of 
its parent spermatium ; at the end of twenty-four hours 
many of these twin bodies, joined end to end, will be 
observed in the culture (Plate I. Figs. 8, 9). Resembling 
Saccharomyces spores as these bodies do, I at first thought 
some stray yeast-spores had accidentally gained admission 


* Cornu, Belletin de la Société Bot, de France (1876), tome xxiii. pp. 120, 121. 
Compt. rendus, January 21, 1875. 
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into my culture; in fact, De Vauréal* has suggested that 
yeast-spores are simply the spermatia of Uredines. By 
frequent repetition the result was always the same—the 
so-called spermatia budded in the same manner as Saccha- 
romyces spores. Mr. A. Lister has observed the same 
budding with the spermatia of Acidium albescens, of which 
process he sent me an excellent figure made by him in 
1873 (Plate I. Fig. 10). In 1883, I made a number of 
cultures in which honey instead of sugar was employed ; 
with this substance the germination is much more active 
and prolific, the budding spores often remaining in yeast 
colonies, attached by their ends in chains of half a dozen or 
more. I have germinated the spermatia of the ecidio- 
spores on Bellis perennis, Ranunculus bulbosus, R. ficaria, 
Anemone coronaria, Lapsana communis, and some others. 
The older germinating spores present two nuclei of notice- 
able size. Not only are the spores budded in linear series, 
but also from these chains young spores are developed 
laterally, from the point of union where two older ones 
meet (Plate I. Figs. 12-16). This budding goes on con- 
tinuously, but not with the same rapidity as with Saccha- 
romyces, nor, as far as my observations go, to the complete 
exhaustion of the saccharine material. Probably these 
changes in the fungus are accompanied by the production 
of alcohol, but I was unable to detect it in any of my 
cultures. When the Uredine yeast-spore falls to the bottom 
of the fluid, it is excluded from the air and does not further 
change; whereas if a small number of Saccharomyces 
spores be placed in a saccharine fluid, they rapidly multiply 
themselves until all the sugar disappears, while the Uredine 
spermatial cultures, at the end of several days, retain their 
sweet taste. Attempts to produce alcohol from brewers’ 


* De Vauréal, “ Schutzenberger on Fermentation ” (1876), p. 61. Inter- 
national Scientific Series, vol. xx. 
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wort ina Pasteur’s flask, with Uredine yeast-spores, were 
with me unsuccessful. The spermatia do not germinate in 
pure water, but only in the presence of sugar. There is, 
however, often enough saccharine matter in the investing 
jelly of the exuded globule for a few of them to bud, 
as Mr. Lister’s figure shows, and as I have several times 
observed. 

Rebentisch * noticed the small black points which the 
spermogonia present in the spots upon pear leaves, on 
which Restelia cancellata are produced. Ungerft figures 
these structures, and describes them as a distinct species 
under the name Zcidiolum exanthematicum ; he regarded 
them as a peculiar exanthem of the affected plant. Meyent{ 
thought they played the part of the male element in the _ 
reproduction of the Uredinez, with which they were asso- 
ciated. Tulasne§ considered they were spore-forms 
developed from the same mycelium as their accompanying 
spore-forms, but, like De Bary, was unable to observe their 
germination. 


The spermatia of the Uredinee occur with all the 
spore-forms. They almost invariably precede and accom- 
pany the zcidiospores, being produced from the same 
mycelium, but generally occupying the upper surface 
of the leaf, while the ecidial cups occur on the lower. 
The first formed spermogonia are produced in the centre. 
of a spot; the next more externally, and so on centri- 
fugally. In many cases, however, they occur on the same 
surface and between the ecidia. When the acidiospores 
are cauline, the accompanying spermogonia are often 

* Rebentisch, ‘‘ Prodrom. florze Neomarch.” 
me Unger, ‘‘Die Exantheme der Pflanzen,” t. iii, figs. 18, 19. Wien; 


t Meyen, ‘‘ Pflanzenpathologie” (1841), pp. 143-147. 
§ Tulasne, Comptes rendus, tome xxxii, p. 472; and tome xxxvi, Pp. 1093. 
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arranged circumferentially. Morphologically, they present 
a great similarity to the spermogonia of the lichen-fungi, 
especially to those of Collema. 

Since our knowledge of the life-history of the lichen- 
fungi has been increased, from the facts added to it by 
Schwendener, De Bary, Stahl, and others, many botanists 
have come to look upon the Uredine spermatia as fertiliz- 
ing bodies, and to consider the AEcidiomycetes as being 
nearly allied to the Ascomycetes. There are, however, 
certain facts which cannot be overlooked. In the first 
place, the faculty which the Uredine spermatia have of 
multiplying themselves by budding in saccharine solutions 
in exactly the same manner as the spores of Saccharomyces, 
and also as Brefeld has shown the conidia of the Ustila- 
gineze do in his xdhrlésung, points rather to their being 
conidia than spermatia. 

Then, again, it is not asserted that all spore-forms of 
the Uredinez are sexual—this is claimed as probable for 
the zecidiospores alone ; true it is that the zecidia are almost 
always accompanied by spermogonia, but this is not in- 
variably the case. De Bary* cultivated a single plant 
of Sempervivum affected with Exdophyllum sempervivi 
which bore no spermogonia, but the zcidial cups were 
perfectly developed, and their spores germinated in the 
normal manner. In the autumn of 1883, I transplanted 
into my garden a wild plant of Zvragopogon pratensis 
affected with the Aécidium. During the spring and 
summer of 1884, this plant continued to produce a suc- 
cession of zcidia, the spores from which were used for 
infecting seedlings of Tragopogon. This they successfully 
did, causing the development of the teleutospores, with 
their scanty accompaniment of uredospores. I was never 
able to find any spermogonia upon this Tragopogon, 

* De Bary, ‘‘ Morphol. und Physiol.,” st edit. p. 169, 
Cc 
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although I repeatedly examined it for them. These two 
cases, the Sempervivum and the Tragopogon, in both of 
which perfectly normal, and in the latter instance function- 
ally active, zcidiospores were produced without the presence 
of spermogonia, show, at any rate, that each individual 
zcidial cup was not the result of a spermatial fecundation. 
It may have been that in both instances the plant bore 
spermogonia before they came under observation, and 
that they both bore within them an already fecundated 
mycelium ; but this is only a supposition, and, even if it 
be admitted as possible, yet it does away entirely with 
the analogy of the sexually produced spore-beds of the 
lichen-fungi and Polystigma, in which each spore-bed is 
the result of a separate spermatial impregnation of the 
trichogyne. Nor is the case of the Uredinez with short- 
lived mycelia more tenable. If with them each ecidial 
cup is a sexual product, then it cannot arise in the first 
instance without a spermatial fecundation. But Schréter * 
has shown that when he produced the zxcidium of P. porrt 
(Sow.) by infecting the Alum schenoprasum with the 
teleutospores, the resulting zcidia were always unaccom- 
panied by spermogonia, as was also the case when they 
occurred on onion (A. cepa); and, further, he found while 
the vernal specimens of the ecidiospores of Uromyces ervi 
on Ervum hirsutum and of Puccinia galii on G. aparine 
were accompanied by spermogonia, yet those produced 
later in the year were invariably without this accompani- 
ment. If the spermatia were necessary to the development 
of the zcidia in spring, how could they be dispensed with 
by the same formation in autumn? The fact, however, 
stands that spermogonia almost always accompany zcidio- 
spores ; but not only is this the case with the true Acidia, 
but also with the analogous Caomata—analogous in as 
* Schréter, ‘‘Cohn’s Beitrage,” vol. ii, p. 83. 
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far that they originate from promycelial infection of their 
respective host-plants, and that their spores are produced 
in linear basipetal series. In fact, the Cazomata only differ 
from the Aécidia in the want of a peridium. Yet we do 
not find spermogonia exclusively associated with these 
two spore-forms; on the contrary, they occur not very 
rarely with the uredospores—a spore-form which does not 
present any morphologically biological parallel with the 
two above named, inasmuch as its spores are produced 
singly on separate and distinct spore-forming hyphe ; nor 
has any sexuality ever yet been claimed for uredospores. 
As instances in which spermogonia accompany uredospores 
may be quoted Zriphragmium ulmarie and the Brachy- 
puccinie, Puccina hieracit (Schum), P. suaveolens (Pers.), 
P. bullata (Pers.), P. oreoselini (Strauss), and Uromyces 
terebinthi (D.C.). Nor is this all, for spermogonia also 
occur with the teleutospores, as in P. sélphiz (Schw.),* P. 
Salcarie (Pers.), P. liliacearum (Duby), and P. fusca (Relh.).f 
It has been suggested that the association of the spermogonia 
with the teleutospores in the last-named species might be 
only an exceptional case in which the corresponding female 
spore occurred upon some other plant—in other words, that 
it is an hetercecious species; but while admitting the full 
weight of this argument in the abstract, yet of the Puccini 
in question, if P. fusca be a Pucciniopsis, and have for 
its zcidiospores Aicidium leucospermum, an zcidium so 
markedly accompanied by spermogonia that their presence 
was recognized by the older botanists, we must consider 
it to be an exceptionally well-provided species. 

The escaped spermatia are very commonly found scat- 
tered amongst the ezcidiospores, and often adhering to their 
outsides. Mr. W.G. Smith f has represented this condition, 


* Trelase, ‘‘ Parasitic Fungi of Wisconsin.” 1884. 
+ Tulasne, ‘2° Mémoire,” p. 116, note. 
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and suggested that this may in itself be the fecundative 
act, but the same objection obtains to this latter suggestion 
as to the former. 

As far as I can judge, the balance of evidence is against 
the supposition that the spermatia are sexual organs. The 
other supposition, that they are conidia, is more plausible ; 
but one would have thought, had such been the case, it 
would have been capable of demonstration. I have at- 
tempted various experimental cultures with these bodies, 
but uniformly without result. These consisted of the 
application of the spermogonia in active germination in 
honey and water— 

1, To the foliage of the plant upon which the spermo- 
gonia occur. Thus the spermatia of 4cidium ranunculi 
repentts were applied to the healthy foliage of Ranunculus 
repens (Exp. 123) ;* of Restelia cornutato Sorbus aucuparia 
(Exp. 124); of cidium bellidis to Bellis perennis (Exp. 
244, 247). 

2. To the corresponding host-plant bearing the uredo- 
spores and teleutospores, The spermatia of Zcidium ber- 
beridis were applied to wheat (Exp. 392). 

3. Remembering the fact that the spermatia are carried 
by insects, and that they germinate so freely in honey, they 
were applied to the stigmata of certain flowers, I was 
further induced to try these experiments from the frequency 
with which the fruit of so many plants in this country are 
attacked by the zcidiospores of some of the Uredinex ; for 
instance, the Mahonia berries, the barberry fruit, the goose- 
berry, and the fruit of the hawthorn, The spermatia of 
Asc. bellidis were applied to the stigmata of Bellis perennis 
(Exp. 267), and those of 4c. ficarie to Ranunculus jicaria 
(Exp. 274), but no result was obtained ; the infected plants 
produced in due course perfectly normal ripe seeds, 


* The numbers of these experiments refer to my private note-book of 
experimental cultures, 


CHAPTER IV. 


AECIDIOSPORES, 


THE mycelium originated in the tissues of the host-plant 
by the entrance of the germ-tube from a promycelial spore, 
after it has produced a certain number of spermogonia, 
proceeds in the course of its development to give rise to 
the zcidiospores, This spore-form is of considerable 
interest, not only on account of the manner in which it 
arises, but also by reason of its attractive appearance in 
the mature state. The first appearance of the zcidiospores 
consists in the formation of the receptacle (pseudoperidium) 
in which they are contained. The mycelium destined to 
give rise to an zecidium becomes more frequently branched 
and interwoven. At certain points, not immediately 
beneath the epidermis, but pretty deeply placed in the 
parenchyma of the plant, the mycelial hyphz compact 
themselves into spherical bodies, which at first are not 
larger than the parenchymatous cells of the host-plant, The 
bodies (the primordia of De Bary) gradually increase in 
size by the addition of fresh hyphe from the mycelium, It 
can soon be observed that the interior and bulk of these 
bodies consist of a cellular structure, and that they bear 
the greatest possible resemblance to perithecia (Plate IT. 
Fig. 1). They are globose, but rather flattened upon their 
upper surface—that is, the surface nearest to the epidermis. 
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A section through one of them shows it to consist of an 
external envelope of cells, which encloses the body on all 
sides, above, below, and laterally. The base of the body 
is a circular disc (hymenium), which bears upon its upper 
surface a number of closely packed, erect hyphze (basidia), 
each of which supports a linear series of spores. The 
hymenium increases in width as the ezcidium develops, 
but whether from new basidia arising between those at 
first formed, or circumferentially, is not known. Sur- 
rounding the circumference of the hymenium is a circle of 
sterile cells (the peridial cells; Plate II. Fig. 2). Spore- 
formation in the ecidium proceeds from above downwards, 
in the following manner. The cells destined to become 
spores are enclosed in a hyaline tube (the mother-cell) ; 
they are at first colourless, but‘soon within each, from above 
downwards, a number of granules appear, which, becoming 
invested with a delicate membrane, rapidly augment in 
size, from an increase of the enclosed protoplasm, until they 
touch the walls of the mother-cell. ‘he granular contents 
are by this time orange (cidium), or brown (Restelia), 
or remain white in a few species, such as Ac. rumicis, 
vince, etc.* 

The growth of the cell continues until it is indistinguish- 
able from the mother-cell. By the mutual pressure of the 
neighbouring cells the young spores become polygonal. 
As this process begins above and continues downwards, or, 
as it is now termed, in a basipetal manner, it follows that 
the ripe spores are uppermost. As soon as they have 
attained their full maturity, they separate from one another 
and are blown away. In some species (Restelia, xcidio- 


* Mr. G. Massee considers the whole A®cidium to be a sexual product 
resulting from the conjugation of two dilated mycelial hyphee in the tissues 
of the host-plant (Annals of Botany, June, 1888, vol. ii. Pp. 47-51, plate iv. 
figs. 1-7). 
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spores of Chrysomyxa) the alternate cells remain sterile, 
so that instead of a long continuous series of spores, we 
encounter a series of perfect spores alternating, with 
variously shaped abortive cells, which may be shrivelled into 
fibres as in Restelia (Plate II. Fig. 9), or variously flattened as 
in Chrysomyxa (Plate II. Fig. 8). The further development 
of the spores consists in the cuticularization of their exterior. 
How this cuticle arises is not clear, whether from a meta- 
morphosis of the mother-cell, or from a separate develop- 
ment. The cuticle is in almost all species variously 
roughened by a number of minute points, spines, or very 
minute warty protuberances. By treatment with caustic 
potash these prominences disappear. According to De 
Bary’s* most recent views, he would appear to maintain 
that all zcidiospores are developed with alternate abortive 
cells. 

The pseudoperidium of the ezcidia is formed in the 
same manner as the spore-series, only the cells are sterile 
and empty, instead of being filled with coloured proto- 
plasm (endochrome). They are, however, developed in 
linear series, the larger and more mature being uppermost, 
the younger and smaller below; in fact, we may look upon 
the peridium as being developed from a circle of basidia 
surrounding the hymenium. The pseudoperidial cells are 
held pretty firmly together by an intercellular substance. 
They are variously altered by mutual pressure, being 
flattened, oval, oblong, square or rhomboidal, and always 
larger than the spores. The peridial cell-series are con- 
tinued upwards until they arch over the spores and meet 
those of the opposite side, so that they form a complete 
investment above and around the ecidium. As this body 
grows it comes nearer the surface, until at last it is covered 
by the epidermis alone, through which it may be seen 

* De Bary, ‘‘ Vergleichende Morphologie und Biologie der Pilze,” p. 76. 
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shining as a small yellow tubercle. The epidermis becomes 
ruptured by the pressure of the young growing zcidium from 
below ; and, either before or soon afterwards, the pseudo- 
peridium itself gives way at its summit, exposing the ripe 
zcidiospores. The ruptured peridium now becomes re- 
curved, and, as seen from above, the zcidium is cup-shaped, 
The white peridium contrasts with the golden yellow of 
the spores very strikingly. The peridial cell-series still 
show their linear origin by separating into teeth, the attach- 
ment being stronger from above downwards than laterally, 
This recurved, toothed mar- 
gin of the peridium is highly 
characteristic of the zcidia, 
Thezcidiumand its peridium 
consist at this stage of a few 
fully developed spores and 
cells above, and of a vast 
number of undeveloped 
spores below. As these latter 
mature they push the old 
ripe spores upwards and 
Fig. 1.—Ecidium berberidis. A, with OUtwards, and they are car- 


normal pseudoperidia; B, with abnormally 


elongated pseudoperidia. Figured by Mr. fied away by air currents, 
Worthington G. Smith from an experimental 


ee ae a 
September 6, 1884, p. 308. , ‘ “plant. If 

the affected plant be grown 
indoors or continually covered by a bell glass, so as to 
prevent any injury to the zcidium itself or any agitation 
of the host-plant, the acidium elongates itself in a cylin- 
drical manner. This was strikingly shown in a specimen 
of 4c. berberidis which I cultivated and exhibited at the 
Biological Laboratory of the International Health Exhi- 
bition, 1884, in which the peridia developed themselves 
into long curved cylindrical bodies. The above illustra- 
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tion, by Mr. W. G. Smith, was taken from the living plant, 
and is therefore reliable, although my own impression was 
that the elongation of the pseudoperidia was not quite so 
pronounced. In some species the cells of the peridia 
naturally adhere more firmly, as in 4c. ornamentale, Pert- 
dermium, Restelia, In Atcidium pini the peridium opens 
at the apex, but the margin shows very little tendency to 
become recurved. In R. cancellata the peridia do not open 
at the apex. This remains entire for a long time, and 
surmounts the peridium as a conical cap. The peridial 
cell-series, however, below this separate from one another 
laterally, so that the spores escape through a number of 
longitudinal fissures—a sort of lattice-work. 

The membrane of the zcidiospore is not of uniform 
strength, inasmuch as at certain points, when the spore 
germinates, there are pushed through it prolongations or 
outgrowths of the endospore. These potential openings 
(germ-pores) are exceedingly difficult to observe in the 
mature spore. When, however, the spore begins to. ger- 
minate, they become obvious. De Bary* gives the 
number of germ-pores in 4c. tragopogonis as three, and 
those of 4c. asperifoliit as four, From my own observa- 
tions, I should say the zcidiospores of Puccinia graminis 
and poarum have six germ-pores. When these spores 
begin to germinate they become somewhat quadrangular, 
with a germ-pore at each angle; but in addition to these 
a central opening or thin place appears in the centre of 
that side of the spore which is uppermost, and as, of 
course, both the upper and under sides of a spore cannot 
be seen in the same preparation at the same time, it 


* De Bary, ‘‘Champ. parasit,” Am, des Sct. Nat., 4° sér. tome xx., 
Reprint, p. 76, t. ii. fig. 7. 

+ De Bary, ‘‘Neue Untersuchungen iiber Uredineen,” vol. ii. p. 209, 
Berlin : 1866, 
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follows that if all the spores in the field present this 
central germ-pore, then of course there must be a corre- 
sponding pore on the opposite side (Plate II. Figs. 4-7 
and 10), so that when germination commences, the spores 
assume a rounded cuboid form, with a germ-pore at each 
angle. The process of germination continues from one 
of these germ-pores, rarely from more than one. The 
outgrowth of the endospore progresses, until it assumes 
the form of a blunt-pointed, cylindrical tube. Into this 
tube the protoplasm of the spore passes, and with it the 
otange granules which give the colour to the spore. The 
tube grows onwards for a considerable distance—-ten or 
more times the diameter of the spore. Contemporaneously 
with the growth of the germ-tube, the protoplasmic con- 
tents are continuously passed onwards to its extremity ; 
so that the longer the germ-tube grows, the further are 
the orange granules removed from the spore in which 
they were originally. contained (Plate II. Figs. 6, 7, 10, and 
14). The further development of the germ-tube consists in 
its continued growth ; the walls, however, become not only 
distinctly thinner, but give off various branches, mostly at 
a right angle to the axis of its growth (Plate II. Fig. 7). 
While these changes have been taking place, the whole 
germ-tube has been making a series of convolutions, some- 
_times from right to left, sometimes from left to right 
(Plate II. Fig. 6). Often a germ-tube will turn in one 
direction during the first part of its course, and in the 
opposite during the latter part. These circumnutatory 
movements were observed by Tulasne* in 4c. crassum, 
viole, etc. This circumnutation of the germ-tubes I have 
only observed in the Uredinee, and it is quite distinct from 
the torsion one observes in other mycelial hyphe, when they 
extend themselves into a dry atmosphere.. This has been 


* Tulasne, ‘2° Mémoire,” p. 128, 
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confounded with circumnutation by some authors,* but is 
simply a hygrometric phenomenon. The distal extremity. 
of the germ-tube of an ecidiospore gains an entrance 
into the tissues of the host-plant through one of the 
stomata. This is effected by either the end of the germ- 
tube or one of its principal branches insinuating itself into 
the cleft (Plate II. Fig. 10). When an entrance has been 
achieved, further development takes place in the air-spaces 
below the stoma, by the branches of the germ-tube grow- 
ing between the cells of the host-plant ; these soon develop 
into a mycelium, which in due course produces the spore- 
form proper to the species. 

The time which the zcidiospores retain their germi- 
native faculty is stated by De Bary to be some weeks. 
From my observations, I should say it is rather a matter 
of hours. Much depends, however, upon the temperature 
and the amount of dryness to which the spores are ex- 
posed. If they be placed in a very moist atmosphere, 
they germinate at once; if, on the contrary, in a perfectly 
dry one, they almost as rapidly die. But if they be kept 
slightly moist and cool, they will remain uninjured for a 
much longer time. I have, however, seldom found them 
germinate after forty-eight hours, and then only a small 
proportion will do so. It is only the mature spores at the 
top of the cup, that have already separated themselves 
from the spore-series, which will germinate. The process 
begins within a few hours after they have been placed in 
water. 

* Cooke, ‘‘ Circumnutation in Fungi,” Quekett Fournal (1884), vol. i. 2nd 


series, p. 309. 
+ De Bary, ‘‘ Vergleich.,” p. 369. 
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CHAPTER V. 
UREDOSPORES. 


THE uredospores may be developed from mycelia pro- 
duced from the entrance of the germ-tube of an zcidio- 
spore, a promycelial spore, or another uredospore. The 
uredospores are developed singly on the ends of separate 
mycelial hyphz (sterigmata, basidia). Their development 
is as follows:—the mycelial hyphz in the affected host- 
plant at certain points become interwoven and intertwined, 
and the hyphz which constitute these favoured points are 
more richly branched and more freely septate than is the 
case in other parts of the host-plant. In them may be 
observed a number of orange granules. The hyphe are 
so crowded together in the spore-bed, that to a great 
extent they lose their individual outline. Spore-formation 
takes place, first towards the centre of the bed, and then 
extends centrifugally. The mycelial aggregations take 
place just beneath the cuticle of the plant, to which their 
upper surfaces are parallel ; they are termed spore-beds, or 
sori (sporenlager, stroma, hymenia, clinodes). Each spore- 
bed consists of an accumulation of hyphe, which ramify 
in all directions ; but those hyphz that are nearest to the 
cuticle of the host-plant give off a number of branches 
parallel to each other, at right angles to the spore-bed’ 
below, and the host-plant cuticle above. Each of these 
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branches is destined to produce a uredospore. At first 
they are of uniform diameter, but soon the upper end 
dilates so as to become club-shaped (Plate III. Figs. 2, 
5). Into this dilated extremity the protoplasmic contents 
of the hyphez are gradually emptied; and thus by their 
continued accumulation it becomes almost spherical. This 
dilated tube-end is now full of granular protoplasm, towards 
the centre of which appear a few orange granules (in the 
orange-spored species), while externally it becomes in- 
vested with a thin cell-wall of its own (Plate III. Fig. 3). 
The cell increases in size, its walls in thickness, and its 
contents become more and more distinctly coloured. The 
orange granules, which consist of reddish-yellow, oleaginous 
particles, are at first confined to the centre of the cell, 
and gradually increase in number from the centre out- 
wards; so that we frequently observe immature spores, 
which are orange only in their centre, having the centre 
surrounded by a hyaline zone. The spore has at this 
stage ‘of its development two coats—the outer, which is 
extremely thin and is the dilated mycelial hypha; and the 
inner, the proper wall of the spore. The latter increases 
somewhat in thickness, although it always constitutes a 
comparatively thin investment. These two coatings 
become closely applied to one another. The exospore, 
which is at first smooth, becomes, in most species at their 
maturity, variously roughened by the appearance of minute 
projections from its surface (Plate III. Fig. 4). These may 
be in the form of short, fine spines, when the spore is said 
to be finely echinulate, or the prominences may be shorter 
and less acutely pointed (verrucose). De Bary has shown 
that the spores of many of the Uredinez owe their rough- 
ness to minute, densely crowded, prismatic, staff-like pro- 
cesses, between which similar smaller processes are closely 
packed. The irregularities of the exospore disappear under 
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the action of caustic potash; and they are much less 
easily observed when the spores are examined in water 
than when they are seen dry. This is equally true of the 
zecidiospores. 

In the endospore are two or more openings (germ- 
pores, oscules) through which the germ-tubes emerge when 
the spores germinate. They can sometimes be made out 
pretty clearly in perfectly ripe spores, but not often. There 
is no difficulty, however, in observing them in those spores 
in which the process of germination has commenced. In. 
the globose uredospores they are arranged in a circle 
round the equator; in the oval spores, also midway 
between the poles. Whether it be correct to regard them 
as openings is doubtful; they would be more correctly 
described as thin places, which become holes. The number 
of germ-pores varies in different species; they are never 
less than two. Their variation in number and position 
is but slight: thus De Bary* gives for U. linearis, four ; 
U. fabe,t three; U. phaseolit two; and U. suaveolens,§ 
three. 

Recently De Bary'l| has stated that in the uredospores 
of Puccinia and Uromyces the germ-pores are sharply 
defined, circular holes in the endospore, closed externally 
by the exospore ; but this hardly accords with my observa- 
tions. The spore-bed continues to produce uredospores for 
some considerable time ; at length it ceases to do so. If 
it be examined in this condition it will be found to consist 
of little else than barren basidia, with here and there one 
bearing a spore. The uredospores vary in colour; most 
are some shade of orange, many are brown. De Bary 1 
has pointed out that in those species with brown spores 
the contents are colourless, eg. in U. phaseoli, rumicts, 

* De Bary, ‘‘ Brandpilze,” p. 33. t De Bary, ‘Champ. paras.,” p. 74, 


+ Ibid., p. 76. § De Bary, ‘ Brandgilze,” p. 33. 
| De Bary, “‘ Vegl.,” p. 109. 4] De Bary, ‘‘ Brandpilze,” p. 31. 
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trifoli, etc., the brown colour being due to the spore-wall. 
The colouring matter of the uredo and zcidiospores has 
been spectroscopically investigated by Bachmann.* He 
examined the ecidiospores of Gymnosporangium junipert- 
num and Puccinia coronata, and the uredospores of Me- 
lampsora farinosa, Triphragmium ulmarie, and Uromyces 
alchemille. Combined as it is with some oleaginous 
material in granules, and enclosed within the cell walls 
of the spores, it is exceedingly difficult to extract it with 
ether. But by adopting the saponification process of 
Kiihne tf and Hansen { he was able to arrive at the follow- 
ing conclusions. The above-named fungi give very similar 
spectra, namely two narrow absorption bands, one between 
6 and F, the other between F and G, showing that the 
pigment is the same in all cases; that it is very similar to, 
if not identical with, the colouring matter of most of the. 
yellow phanerogamous blossoms (the anthoxanthin of 
Hansen) although combined differently, and allied to the 
xanthophyll group. It is soluble in alcohol, ether, chloro- 
form, bisulphide of carbon, and benzol, and is coloured 
green by potassium iodide. 

As soon as the uredospore has arrived at its maturity 
it becomes separated below from the hypha which produced 
it (basidium, sterigma). This separation takes place by 
the basidia breaking off either close to the spore (Uredo) 
or at a short distance below, in which case the upper part 
of the basidium remains attached to the spore (Trichobasis). 
This separation is facilitated, if not caused, by the spore 
being pushed off by the continued formation of other 


* E, Bachmann, ‘‘Spektroskopische Untersuchungen von Pilzfarbstoffen ” 
(1886), pp. 21-23, figs. 27-31. 

+ W. Kiihne, “Ueber. lichtbestandige Farben der Netzhaut” (‘‘ Unter- 
such, d. physiol. Inst. d. Univ. Heidelberg”), bd. i. hft. iv. p. 347. 

{ F. A. Hansen, ‘‘ Der Chlorophyll Farbstoff ” (‘‘ Arbeiten des botan Inst. 
zu Wiirzburg”’}, bd. iii, hft. i. p. 126. 
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spores in the spore-bed. Whether this be the simple 
passive process we have hitherto regarded it or not is 
undetermined. It is quite possible that it may be aided by 
a projective force, as Brefeld * has shown in the Agaricini. 
In them the basidia become by degrees fuller of protoplasm, 
until a certain state in the tension of the elastic walls takes 
place. When this has attained its full extent, the upper 
part of the basidium, immediately below the spore, gives 
way and becomes split off all round, the spore being 
projected from its sterigma at the point of its attach- 
ment. A similar process occurs in. Pilobolus, only in this. 
case the rupture is lower down, and not at the exact point 
of junction of the spore with its basidium. 

As soon as each uredospore is ripe it is capable of germi- 
nating, and when placed in a sufficiently damp environment 
it does so in a few hours. This process is accomplished in 
the same manner as has been already described under the 
zecidiospores. It consists in the protrusion of a germ-tube 
through one or more of the germ-pores, which branches, 
elongates, circumnutates, and receives the protoplasm from: 
the interior of the spore, and passes it onwards to its peri- 
pheral extremity (Plate III. Figs. 11, 12, 13). In the 
same way its extremity, or the extremity of one of its 
branches, enters into one of the stomata of the host-plant, 
and in its tissues develops a fresh mycelium (Plate III. 
Fig. 15). 

Under certain circumstances, when the germ-tube 
cannot enter a stoma, instead of growing in the mode 
described, it dilates in a bulbous manner f at its extremity 
into a spherical dilatation, into which the orange granules 
accumulate ; or it may give off one or more lateral out- 

* Brefeld, ‘‘ Schimmelpilze.” 


+ Plowright, ‘‘Germination of Uredines;” ‘‘Grevillea,” vol. ix. pl. 
‘159, figs. 10, 11, 12. 
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growths, which become globose and filled with endochrome 
(reserve spores) (Plate III. Fig. 14), These abnormal phe- 
nomena show how nearly allied the different spore-forms 
of the Uredinee are; and are especially interesting from 
an evolutionary point of view. They show that although 
the uredospore has attained a definite mode of germination 
proper to itself, yet it has not entirely lost its capability 
of reverting to, and simulating the mode of growth of 
other spore-forms.* 

In certain species (Lecythea) are found bodies known 
as paraphyses, or cystidea. They are in most cases arranged 
around the circumference of each spore-bed, arching over 
it and arising from basidia in the same manner as the 
spores themselves. The paraphyses contain no coloured 
endochrome. In shape they may be globose, pyriform, 
subcylindrical, or capitate (Plate III. Figs. 16, 17). 
Although they cannot be regarded as undeveloped spores, 
inasmuch as they are pretty much confined to particular 
species, and do not occur indiscriminately with all, yet 
from their mode of origin their affinity is clearly with the 
pseudoperidial cells of the zcidiospores, and to a certain 
extent they are protective organs in the same way as the 
latter. From my observations it appears that the presence 
of paraphyses with certain species greatly depends upon 
some special condition of the fungus, as they may be 
absent, or nearly absent, according to special circumstances. 
I find them constantly present with the uredospores of 
P. perplexans, when these have arisen not directly, but rather 
at a considerable distance, from the zcidiospores. On the 
other hand, when the uredo arises directly from the ecidio- 
spore, they are hardly present at all; this looks very much 
as if they were an indication of exhaustion of vital energy 

* Tulasne figures a similar condition in the germination of the uredospores 
of Cronartium (“ 2° Mémoire,” tab. xi. figs. 3, 8, 9). 
D 
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on the part of the fungus, which was combated by pro- 
tective efforts on the part of the parasite in conserving those 
spores which it does produce, but when full of vigour 
and fresh from the zcidiospore it is less careful of its 
spores. When it begins to feel the effect of exhaustion, 
and is unable to develop such energetic spores, it takes 
more care of those which are produced. 

The same is true of the quantity of uredospores them- 
selves. When the uredospores are produced directly from 
the zcidiospores they are much less copious than when they 
originate from other uredospores ; especially is this so when 
they have arisen from a long series of uredospores. The con- 
verse is observable in such species as Puccinia tragopogonis, 
where the teleutospore occurs often on the same leaf as the 
zcidiospore, and the uredospores are very few indeed. 
We have striking illustrations of the contrary condition 
with many hetercecious Uredines. In Australia, where the 
barberry is not an indigenous plant, and occurs only in 
gardens and shrubberies, the agriculturists complain not of 
mildew (P. graminis) as destroying their wheat crops, but 
of rust. Some years ago I received specimens of the 
affected wheat plants from New South Wales, Queensland, 
and South Australia, all of which showed a profuse de- 
velopment of uredospores in proportion to the teleutospores, 
quite out of all parallel to that which obtains in England.* 
Mr, C. J. Arthur informs me that this is equally true of 
those districts in the United States from which barberries are 
absent. The same occurs in this country with P. rudigo- 
vera, the uredospores of which are extremely abundant on 
our wheat crops in spring ; but the autumnal A®cidium is a 
very infrequent fungus, partly because the host-plants are 
none of them very abundant, and partly because, occurring 


* Plowright, ‘* Reproduction of Hetercecious Uredines,” Your. Linn. a 
Botany, vol. xxi. p. 368. 
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as it does in September and October, the frosts of winter 
soon destroy their foliage, so that the uredospores have to 
reproduce themselves throughout the winter and spring 
months on the wheat plant. Rostrup* has remarked the 
same fact with regard to Coleosporium senecionzs, that when 
it occurs in localities from which fir-trees are absent it con- 
sists almost wholly of uredospores. Independently of this, 
however, the uredospores of some species are much more 
abundant than of others; in P. oblongata, for instance, 
they occur in great quantities, while in P. Aydrocotyles the 
teleutospores are very few in number, and occur in the same 
spore-beds as the far more numerous uredospores. 

Although uredospores have their vitality so easily 
destroyed by heat and dryness, they can withstand a con- 
siderable amount of cold, for freshly developed spore-beds 
of P._rubigo-vera can be found almost at any time, on 
wheat, during the winter months. Of course, it may be 
that these have been developed by mycelium produced 
from a spore-infection effected at an earlier date. I found 
that the uredospores of this species which had been ex- 
posed to several nights of frost, when the thermometer 
registered 23° F. (— 5° C.), germinated with the greatest 
freedom. Dietel found the uredospores of Phragmidium 
obtusum, which had been covered by snow from December 
18 to January 28, germinated in a day and a half in a 
warm room. 


* Rostrup, ‘‘Heterceciske Uredineen” (1884), p. 6. 
+ P. Dietel, ‘‘Beitrige zur Morphol. und Biol. der Uredineen ” (1887), 
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CHAPTER VI. 
TELEUTOSPORES. 


AT some period in the life of all Uredines* a spore is 
produced from one of the before-mentioned mycelial de- 
velopments, to which the appellation teleutospore has been 
given. In the strict sense of the term teleutospore means 
the last-formed spore—that is to say, it is formed later in 
point of time than the ecidiospores and uredospores ; but 
while this is true in the majority of cases, yet there are many 
species of the Uredinez in which no other spore-form than 
the teleutospore occurs. Still, the name has become so 
familiarized to us by long usage that it is unadvisable to 
change it. These spores are formed in a similar manner 
to the uredospores from a stroma (spore-bed, clinode, 
hymenium) produced by an aggregation and entanglement 
of mycelial hyphz placed just beneath the cuticular 
structures of the host-plant and parallel to them. Per- 
pendicularly from this stroma are given off erect branches, 
_ which, becoming dilated at their free ends, are soon in- 

* De Bary (‘‘ Vergl.,” p. 305) points out that Uredo symphyt? has no other 
spore-form than the Uredo, and indicates this species as being a degenerate 
type, which, having lost its other spore-forms, is capable of existing without 
them, Without questioning the truth of this statement, one cannot fail to re- 
member that until quite recently the other spore-forms of many Uredines were 
unrecognized, for instance, Melampsora cerastid ; so it is quite possible that the 


teleutospores of U. symphyti may exist, although we at present do not know 
of them, 
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vested with a thick membrane (Plate III. Figs. 18, 19). 
Their subsequent development is similar to that which 
occurs in the uredospores. The investing membrane, 
however, undergoes considerable thickening, and becomes 
darker in colour. At the apex of the spore this thicken- 
ing is most marked, but it does not always follow that 
here the depth of its colour is most noticeable, although 
it generally is so. This is, to a certain extent at any 
rate, owing to the fact that the apex of the spore is per- 
forated by a small tubular canal, which is, however, by 
no means easy to observe in the perfect spore, but whose 
presence is obvious enough in those spores which have 
already germinated, or are in the act of germinating. 
The interior of this membrane is lined by a very thin 
endospore. This can be brought into view by the action 
of undiluted sulphuric (H,SO,) or nitric acid (HNO,). 
These reagents exert no influence on the investing mem- 
brane, but cause the endospore to shrink away from it. 
The endospore encloses a finely granulated protoplasmic 
mass, near the middle of which is usually a vacuole. The 
teleutospore remains for alonger or shorter period attached 
to the spore-bed by the lower part of its spore-forming 
hypha, which contains a hyaline or watery material, and 
constitutes a stem (pedicel, peduncle) to the teleutospore. 

Teleutospores may be simple (Uromyces, Melampsora) 
or compound (Puccinia, Triphragmium, Chrysomyxa). 

The teleutospores of Uromyces are developed in the 
manner above described. The germinal canal is always 
at the apex of the spore. The membrane is generally 
smooth, but in some species, as Ur. alchemilla, it is 
studded with prominent wart-like tubercles, Similar 
tubercles are observed on some of the species affecting 
the Leguminose, but instead of remaining as discrete 
tubercles they become in part or wholly confluent, so as 
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to form elevated ridges. As an accidental variety, one 
sometimes sees a few bicellular spores in the true Uro- 
myces spore-bed; this has been ob- 
served with Uromyces trifolit on Vicia 
sepium. 

The teleutospores of Puccinia are 
compound. They consist of two dis- 
tinct spores borne on one pedicel. The 
dilated upper extremity of the hypha, 
which is destined to become a Puccinia 
spore, soon assumes a fusiform shape, 
and is uniformly filled with granular 
protoplasm, while the lower part of the 
hypha contains only a hyaline or watery 
material (Plate ITI. Fig. 18). Soon a 
delicate transverse septum appears near 
Fig. 2.—Teleutospore the middle of the swollen part, dividing 


of Uromyces fabe germi- 


nating, showing the germ- it transversely into two nearly equal 
canal through which the 


promycelium ee compartments. The spore now becomes 
res fro abe a! invested by a stouter membrane (Fig. 
Mee Seer 19), which gradually increases in thick- 
ness so that the body now can be seen to consist of two 
distinct accumulations of protoplasm. As the thickening 
of the outer membrane goes on it becomes darker. This 
thickening is most marked at the apex of the upper com- 
partment. The granular protoplasm at first usually shows 
two or three vacuoles (Fig. 20), but these become reduced 
in number, so that in the mature spore only one is observ- 
able (Fig. 21). How this vacuole is. formed is not alto- 
gether clear, but it probably is produced by the protoplasm 
of each compartment accumulating more towards the walls 
of the cell than elsewhere. Each compartment, then, con- 
sists of a thick outer membrane, lined by a thin one (the 
endospore) which encloses the protoplasm and its vacuole. 
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In the American species P. amorphe, Curtis, the mother- 
cell remains distinct from the spore-wall of the teleutospore, 
separated by a gelatinous substance. When the teleuto- 
spores of this species are placed in water the mother-cell 
swells in a very remarkable manner, and can be seen 
surrounding the teleutospore (Plate IV. Figs, 15, 16, 17). 
The germinal canal penetrates the membrane only, being 
closed below by the endospore. The germinal canal 
of the lower spore,is placed laterally immediately below 
the septum. In most species the exterior of the spore is 
smooth, but in several it is tuberculate, papillose, or verru- 
cose. In one of the American species, P. aculeata, these 
protuberances are nearly cylindrical and curved. In P. 
fusca, pruni, etc., the tubercles are small, but exceedingly 
numerous, covering the whole exterior of the spore. In 
P. smyrnii they are few, discrete, and conical. P. coronata 
is characterized by a crown of elongated, variously bent, 
cylindrical processes, surmounting the upper segment. 
Here the superior germ canal is not situated at the apex 
of the spore, but towards one side (Plate IV. Fig. 3), just 
as it normally occurs in the lower cell of other species. 
The general outline of the Puccinia spore varies not only 
in different species, but also in individual spores from the 
same spore-bed. In P. prunz and fusca the teleutospores 
consist of two distinct superimposed globose bodies, 
flattened at the point of contact; these easily separate 
from one another by rough manipulation. Not infre- 
quently, only one segment of the spore becomes de- 
veloped, the other, usually the lower, remaining abortive. 
In some instances numerous single spores (mesospores) 
are produced, either mixed with the normal bicellular 
spores or without them, as in P. obscura, scirpi, convolvulz, 
porri, and sonchi. These mesospores are morphologically 
analogous to the teleutospores of Uromyces. P.rudbigo-vera, 
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when it occurs on various species of Hordeum, cons 
almost entirely of mesospores (=P. anomala, Rost). 
American species produces bicellular spores in the sumr 
(= P. vexans, Farl.), and subsequently mesospores o 
(= Uromyces brandeget, Peck). The brown colouratior 
the membrane of P. graminzs is sometimes abnormally c 
fined to the pedicel, the spore remaining colourless. 1 
condition I first observed in some specimens sent me by | 
W. Marshall, from near Ely. I have also seen it in A 
tralian specimens. Upon the other hand, instead of spc 
being bicellular, they are sometimes variously compl 
triseptate, or even quadriseptate; or the upper or lo 
cell may be longitudinally or obliquely septate, which 
the normal condition of the spores of Triphragmit 
Greville * figures this condition as P. variabilis. T 
septation is purely accidental, occurring in one spore-b 
but not in any of the others on the same plant. Mr. V 
and Professor Trail have met with this condition in 
bullata, and the Rev. Dr. Keith in P. lychnidearum. 
have seen it in one of the graminaceous species on Loli, 
perenne, and Mr. Grove in Puccinia betonice. 

The teleutospores of Phragmidium and Xenodocl 
differ from those of Puccinia in being composed o 
greater number of elementary spores, which are develo 
from above downwards (basipetal formation). The dila: 
upper end of the hypha becomes full of coarsely granu 
protoplasm; delicate septa appear from above dov 
wards. The protoplasm thus differentiated is soon s¢ 
to be surrounded by a cell-wall (endospore), which 
this stage of its development is considerably smal 
than the compartment in which it is situated; so that : 
young spores are obviously, in structure, individually « 
tinct from one another. The uppermost spore is usua 

* Greville, ‘ Scot. Crypt. Flora,” t. 75. 
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surmounted by a prominent conical point. The membrane 
soon becomes dark and thickened, and each spore, en- 
veloped by its endospore, pretty well fills each compart- 
ment. In the mature state the entire teleutospore is 
clothed by a colourless transparent cuticle, which is gene- 
rally tuberculate. That this cuticle is distinct from the 
thick membrane is shown by warming a spore in caustic 
potash, when the former disappears, while the thick mem- 
brane remains unaffected. 

From two to four lateral germ canals or pores occur 
in the membrane, as Tulasne first showed (Plate IV. 
Fig. 5). These are arranged equatorially, and appear to 
be about four in number. Dietel,* however, remarks that 
in Ph. obtusum, Strauss, the germ-pores are placed as in 
Puccinia, namely, the superior one at the apex of the 
upper cell, and those of the lower cells laterally immediately 
below each of the septa, and that there is only one germ- 
pore in each cell. A similar condition, he states, exists in 
the Australian species Ph. barnardi, Plow. Longitudinal 
septation very rarely happens. ft 

In Coleosporium a similar condition exists, but in Tri- 
phragmium the divisions are multiple and longitudinal. 
In Cronartium the teleutospores are arranged in the form 
of a solid pillar or column, that projects perpendicularly 
to the spore-bed, and is surrounded at its base by a nest of 
uredospores. In Chrysomyxa the teleutospores occur in 
waxy masses, and consist of a series of superimposed 
spores, each of which has a single germ-pore placed as in 
the lower cell of Puccinia, not equatorially, but laterally 
near the upper end. In Gymnosporangium the spores are 
held together by a gelatinous matrix; they are shaped 

* Dietel, ‘* Beitrage zur’ Morphol. und Biolog. der Uredineen,” Botan. 


Centralblatt., bd. xxxii. (1887), tab. ii. figs. 1 and 2, reprint, p. 9. 
T Eysenhardt, Linnea,” vol. iii, 1828, 
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like Puccinia spores, but have, in the European species, 
generally two germ-pores in each cell, and these are placed 
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Fig. 3.—Chrysomyxa rhododendri. Section of spore-bed showing the compound teleu- 
From appet Coraey of ieamsperioe comsiavinisde Tagaebt gic tier mice uean erin bee 
(be Bas e, The epidermal cells of the host-plant (2. Azrsutum); w, mycelial hyphe. 
at that end of the cell which is nearest the septum (Plate III. 
Figs, 22, 23; and Plate IV. Figs: 11, 13, and 14). 

Germination.—The period at which germination takes 
place in teleutospores is subject to variation with the 
different species of Uredines. In the greater number of 
cases this process ensues only after the teleutospore has 
remained for some considerable time in a state of qui- 
escence or rest. Generally this resting period extends from 
the summer or autumn of one year until the ensuing spring, 
corresponding, in fact, with the conditions of the host-plant, 
which of course, in the case of deciduous plants, is without 
suitable foliage during the winter months into which the 
fungus can gain an entrance. On the other hand, there are 
several species in which teleutospores germinate as soon as 
they are mature, without undergoing any resting period 
(Leptopuccinia, Lepturomyces); while there are others 
which have only a very short resting period (P. rubigo- 


Leleutospores. 43 


vera, poarum). In either case the germinative process is 
the same; This consists in the protrusion of a germ-tube 
from the teleutospore through the germ-pore above men- 
tioned, which tube is really an extension of the endospore 
through the germ-pore. This tube consists of a hyaline, 
homogeneous membrane, into which the protoplasm con- 
tained within the spore passes. This tube (the promy- 
celium) does not, like the germ-tubes of the uredospores 
and ecidiospores, elongate indefinitely, but, after attaining 
a certain length, ceases to grow onwards and terminates in 
a blind, blunt extremity. Into the promycelial tube the 
protoplasm passes from the spore, and accumulates towards 
the peripheral extremity, so that the end nearest the spore 
becomes empty. The distal end now exhibits one or more 
septa, which are formed from above downwards. At the 
same time, from each compartment thus divided off there 
arises a single, short, pointed branch ; these at their points 
dilate. The dilated end becomes the receptacle for the 
protoplasm originally contained in each compartment, and 
rapidly assumes an oval or subreniform outline (the pro- 
mycelial spore), which in the course of a few hours becomes 
abstricted and falls off (Plate IV. Figs. 2-10). The pro- 
mycelial spores, when placed in water or upon any damp 
surface, forthwith germinate (Plate III. Fig. 24). This 
process consists in the outgrowth, from some point of their 
surface, of a short but acutely pointed tube. Placed upon 
the cuticle of a living leaf of the proper host-plant, this 
germ-tube turns its point downwards, and, piercing the 
epidermal cell-walls, enters the tissue of the leaf (Plate IV. 
Fig. 1). Having thus gained an entry into its host, the 
protoplasm contained in the promycelial spore passes down- 
wards into the germ-tube, leaving the spore empty. The 
empty spore-cell falls off, and the minute opening through 
which the germ-tube has entered the epidermal cell ceases 
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to be visible; this is probably due to the elasticity of the 
epidermal cell-wall. The germ-tube itself continues its 
onward growth; soon branching, it insinuates itself between 
the cells of the host, where it gives rise to a mycelial 
development, similar to that which arises from the zcidio- 
spore or uredospore germ-tubes. 

With the Leptopuccinia and Lepturomyces, the germ- 
tube of the promycelial spore does not bore its way through 
the epidermal cells, but enters, as De Bary* first showed 
with P. dzanthi, through the stomata, or, as Rathay f points 
out with P. malvacearum, it enters, like the germ-tube of 
Tubercinia trientalis, between the epidermal cells, and then 
pierces laterally into the side of the adjacent cell. 

If the germination of the promycelial spores takes place 
in water, and not upon their proper host-plant, the germ- 
tubes sometimes become swollen at their extremities, so 
as to form reserve spores in the same manner as has been 
previously described with the uredospores (Plate III. 
Fig. 24). 

The mycelium produced from a promycelial spore in 
the tissues of its proper host-plant in due time gives rise 
to a fresh spore-development. This spore-development, 
however, varies in different cases. 

1. In certain species the mycelium produces spores. 
which are exact counterparts of the original teleutospores 
(Micropuccinia). 

2. It may give rise to teleutospores similar in general 
appearance as to its progenitors, but endowed with the 
faculty of immediate germination (Leptopuccinia, etc.). 

3. It may give rise to a crop of uredospores, which may 


* De Bary, “Champ. paras.,” Ann. Se, Nat., 4° sér. tome xx, p. 84 
(reprint). 

+ Rathay, “‘ Ueber d. Eindringen. Puccinia Malvacearum,” Verhandi. d. 
Kk, Zool, bot, Ges., band xxxi. (1881), t. 1. 
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be typical of the species in question. There are instances, 
however, in which, instead of being truly typical, these 
uredospores depart in some degree from those subsequently 
found in the life-history of the Uredine. For example, in 
Triphragmium ulmarie the primary uredospores do not 
differ in their individual form and size from the secondary, 
but the former occur in large dusty sori principally on the 
petioles and midribs of the host-plant, while the latter are 
much smaller and scattered over the under-surface of the 
leaves. A more common deviation, however, consists in 
the association of the primary uredospores with spermo- 
gonia (Brachypuccinia). 

4. In other instances the mycelium produces spermo- 
gonia and ecidiospores, The zcidiospores may be upon 
the same species of host-plant upon which the teleuto- 
spores occur (Auteupuccinia), or upon some plant of a 
totally diverse nature (Heteropuccinia) 

The teleutospores of Endophyllum, although they are 
produced in the same way and closely resemble zxcidio- 
spores, yet in germination they behave like the teleutospores 
of Puccinia (Plate IV. Fig. 7). In Coleosporium (Plate IV. 
Fig. 9) each cell produces a single promycelial spore, 
while in Melampsora (Plate IV. Fig. 8) and Chrysomyxa 
(Plate IV. Fig..10) three or four are developed from each 
promycelium, as is also the case with Cronartium. 
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CHAPTER VII. 
HETERGCISM. 


flistory—The fact that a certain number of Uredines 
possess the faculty of passing a part of their lives upon 
one plant, and the remainder of it upon another and a 
totally different one, is so remarkable that until quite 
recently there were persons who declined point-blank to 
believe it. It is quite unnecessary now to undertake serzatim 
to answer the theoretical objections which have been 
raised against the fact that hetercecism does occur, for 
the simple reason that these objections are only theoretical. 
The process of simply placing the spores of the fungi in 
question upon their various host-plants is so easy, that 
any one wishing to appeal to Nature herself can do so 
with very little trouble. 

The first Uredine in which this peculiarity of develop- 
ment was observed was Puccinia graminis, the wheat 
mildew. The mildew of wheat has, as a blight, probably 
been known from remote antiquity. The Romans held a 
festival on April 25—the Robigalia, or Rubigalia—with 
the object of protecting their fields from mildew. The 
sacrifices offered on this occasion consisted of the entrails 
of a dog and a sheep, accompanied with frankincense and 
wine.* In Wickliffe’s Bible, the suggestion is made that 


* Smith, ‘Smaller Dictionary of Greek and Roman Antiquities,” sth edit. 
(1863), p. 322. 
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the seven years of famine with which the Egyptians were 
afflicted were caused by mildew. This, of course, does 
not prove that the ancient Egyptians had any acquaint- 
ance with mildew, but it does show that in early English 
times the disease was not only known as an affection of 
cereals, but also that it was regarded as an agency suff- 
ciently powerful to cause famine. In Shakspeare’s time, 
mildew must have existed, for we read of how “ The foul_ 
fiend Flibbertigibbet mildews the white wheat.”* The 
fungoid nature of the mildew was not known, however, 
until the latter half of the last century, for Tull,t writing 
in 1733, attributes it to the attack of small insects, 
“brought (some think) by the east wind,” which feed upon 
the wheat, leaving their excreta as black spots upon the 
straw, “as is shown by the microscope”! Felice Fontana,{ 
some thirty years later, published an account of the fungus, 
with figures. Persoon,§ in 1797, gave it the name it still 
bears (Puccinia graminis), and also figured it, as did 
Sowerby || in 1799, under the name of Uredo frumenti. 
With regard to the fact that the barberry in some way 
favours the growth of mildew upon wheat, there is no 
doubt that it was well known to practical farmers during 
the eighteenth century, for we find in America, as early as 
1760, in the state of Massachusetts, an Act was passed by 
the legislature, compelling the inhabitants to extirpate all 
barberry bushes. In New England a similar law existed, 
which is referred to by Schépf** In our own country, 


* Shakspeare, ‘‘ King Lear,” act iii. sc. iv. 

+ Jethro Tull, “‘ Horse Howeing Husbandry,” 3rd edit. (1751,) p. 151. 

+ Felice Fontana, ‘‘ Osservazioni sopra la Ruggine del Grano.” Lucca: 
1767. : 

§ Persoon, ‘‘Tentamen Dispos. Method. Fungorum ” (1797), p. 39, t. iii. 
fig. 3. 

| Sowerby, “ English Fungi,” vol. ii. (1799), t. 140. 

{ For ‘‘ Barberry Law of Massachusetts,” see p. 302. 

** J.D. Schépf, ‘‘ Reise durch die mittleren und siidlichen vereinigten 
Nordamerikanischen Staaten,” theili. p. 56, Erlangen: 1788. 
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especially in Norfolk, this belief also existed, for we find 
Marshall,* writing in 1781, says, “It has long been con- 
sidered as one of the first vulgar errors among husband- 
men that the barberry plant has a pernicious quality (or 
rather a mysterious power) of blighting wheat which grows 
near it. 

“ This idea, whether it be erroneous or founded on fact, 
is nowhere more strongly rooted than among the Norfolk 
farmers; one of whom mentioning, with a serious counte- 
nance, an instance of this malady, I very fashionably laughed 
at him. He, however, stood firm, and persisted in his being 
in the’right, intimating that, so far from being led from the 
cause to the effect, he was, in the reverse, led from the 
effect to the cause ; for, observing a stripe of blasted wheat 
across his close, he traced it back to the hedge, thinking 
there to have found the enemy; but being disappointed, 
he crossed the lane into a garden on the opposite side of 
it, where he found a large barberry bush in the direction 
in which he had looked for it. The mischief, according to 
his description, stretched away from this point across the 
field of wheat, growing broader and fainter (like the tail of 
a comet) the further it proceeded from its source. The 
effect was carried to a greater distance than he had ever 
observed it before, owing, as he believed, to an opening in 
the orchard behind it to the south-west, forming a gut or 
channel for the wind. 

* * * * * * 

“Being desirous of ascertaining the fact, be it what it 
may, I have inquired further among intelligent farmers 
concerning the subject. They are, to a man, decided in 
their opinion as to the fact, which appears to have been so 
long established in the minds of the principal farmers that 


* Marshall, ‘‘ Rural Economy of Norfolk,” 2nd edit. vol ii, p. 19. Lon- 
don: 1795. 
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it is now difficult to ascertain it from observation, barberry 
plants having (of late years more particularly) been extir- 
pated from the farm hedges with the utmost care and 
assiduity. One instance, however, of mischief this year I 
had related to me, and another I was myself eye-witness 
to. Mr. William Barnard, of Bradfield, says, that this year, 
seeing a patch of his wheat very much blighted, he looked 
round for a barberry bush, but seeing none conspicuous in 
the hedge, which was thick, he with some difficulty got into 
it, and there found the enemy. He is clearly decided as to 
the fact. Mr. William Gibbs, of Rowton, telling me that a 
patch of his wheat was blighted in the same manner, and 
that he believed it to proceed from some sprigs of barberry 
which remained in the neighbouring hedge (which a few 
years ago was weeded from it), I went to inspect the place, 
and true it is that near it we found three small plants of 
barberry, one of which was particularly full of berries. 
The straw of the wheat is black, while the rest of the piece 
is of a much superior quality. 

“ These circumstances are undoubtedly strong evidence, 
but do not by any means amount to proof.” 

On October 16, 1782, Marshall writes *— 

“To endeavour to ascertain the truth of this opinion, I 
had a small bush of the barberry plant set in February or 
March last, in the middle of a large piece of wheat. 

“T neglected to make any observations upon it until a 
little before harvest, when a neighbour (Mr. John Baker, 
of Southrepps) came to tell me of the effect it had pro- 
duced. 

“The wheat was then changing, and the rest of the 
piece (about twenty acres) had acquired a considerable 
degree of whiteness (white wheat), while about the barberry 
bush there appeared a long but somewhat oval-shaped 


* Marshall, Joc. cet., p. 359. 
E 
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stripe of a dark livid colour, obvious to a person riding on 
the road at a considerable distance. 

“The part affected resembled the tail of a comet, the 
bush itself representing the nucleus, on one side of which 
the sensible effect reached about twelve yards, the tail 
pointing towards the south-west, so that probably the effect 
took place during a north-east wind. 

“ At harvest, the ears near the bush stood erect, hand- 
ling soft and chaffy; the grains slender, shrivelled, and 
light. As the distance from the bush increased the effect 
was less discernible, until it vanished imperceptibly. 

“The rest of the piece was a tolerable crop, and the 
straw ‘clean, except on a part which was lodged, where 
the straw nearly resembled that round the barberry; but 
the grain on that part, though lodged, was much heavier 
than it was on this, where the crop stood erect. 

“The grain of the crop, in general, was thin-bodied ; 
nevertheless ten grains, chosen impartially out of the ordi- 
nary corn of the piece, took twenty-four of the barberried - 
grains, chosen equally impartially, to balance them.” 

In 1784, Marshall repeated his experiment at Statfold, 
in Staffordshire, with the same result. He says *— 

“Upon the whole, although I have not from this year’s 
experience been able to form any probable conjecture as to 
the cause of the injury, it nevertheless serves to fix me still 
more firmly in my opinion that the barberry is injurious 
to wheat.” 

_ Withering, writing in 1787 of Berberis vulgaris, says,t 
“This shrub should never be permitted to grow in corn- 
lands, for the ears of wheat near it never fill, and its influ- 
ence in this respect has been known to extend as far as 
three hundred or four hundred yards across a field.” 


* Marshall, ‘‘ Rural Economy of the Midland Counties” (1790), vol. ii, 
p. 1. 
+ Withering, ‘‘ Botanical Arrangement” (1787), 2nd edit., p. 366. 


fTeteracism. 51 


In 1804, this country suffered severely from an outbreak 
of wheat mildew, in consequence of which Mr. Arthur 
Young, the Secretary to the Board of Agriculture, issued a 
circular of questions, so as to obtain a consensus of opinion, 
from farmers, landowners, and others interested in the sub- 
ject, as to various points connected with causation of mildew. 
The ninth question ran thus: “ Have you made any 
observation on the barberry as locally affecting wheat?” 
The replies to these questions were published,* and from 
them the following are selected :— 

Isaac King, Esq., Wycombe, Bucks, in answer to the 
question about the barberry, says, “In 1795, a field of 
about twenty acres had two large barberry bushes growing 
within twenty yards of it. These appeared to be the focus 
of destruction to several acres ; in front, close to the hedge, 
the wheat was as black as ink, and further off it was affected 
to a less degree. ... In short, I had fifteen acres very good, 
and five of very little value. You may conclude the bar- 
berries were destroyed.” 

Mr. S. Johnson, Thurning, Norfolk, says,t “My ob- 
servations on the barberry have been for several years. I 
have seen the blast from a small stem blown on the wheat 
in one direction upwards of two furlongs, like smoke from 
a chimney.” 

__ Mr. W. Maxey, Knotting, Bucks, says,t “When pass- 
ing a wheat-field a few years ago on the eve of harvest, 
I noticed some streaks of a different darker hue across a 
furlong of wheat from the hedge directly opposite ; at the 
end of each streak was a barberry bush.” 

__. Mr. James Sheppard, Chippendale, Newmarket, says,§ 
“T have never seen an instance of wheat growing near a 
barberry not being injured more or less.” 


* A, Young, ‘‘ Annals of Agriculture” (1805), vol. xliii. p. 457. 
+ Marshall, Joc. céz., p. 469. 
$ Loc. cit., p. 505. § Loe. cit., p. 510. 
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It is quite unnecessary to quote any further from Mr. 
Young’s correspondents upon this point. 

The injurious influence of the barberry was, however, a 
matter of observation only at this time. Various sugges- 
tions were made as to the cause of this: some affirmed the 
barberry bush exhaled a noxious effluvium ; others, that 
the pollen of its flowers poisoned the wheat ; others, again, 
that it appropriated to itself all the nourishment from the 
soil in its- vicinity. 

In 1805, however, Sir Joseph Banks, in his paper on 
“ Wheat Mildew,” alluding to the subject before us, men- 
tions the belief as being prevalent amongst farmers, but 
scarcely credited by botanists, and points out the resem- 
blance the yellow fungus on barberry has to rust, although 
it is larger. He says,* “Is it not more than possible 
that the parasitic fungus of the barberry and that of wheat 
are one and the same species, and that the seed is trans- 
ferred from the barberry to the corn?” 

The suggestion of our eminent countryman was soon 
put to the test of experiment by a totally independent 
observer. 

The honour of being the first to demonstrate the con- 
nection between the barberry A®cidium and the wheat 
mildew belongs to a Danish schoolmaster, who lived in the 
village of Hammel, near Aarhus, in Jutland, at the begin- 
ning of the present century. In 1818, the Royal Agricul- 
tural Society of Denmark published a paper by Schoeler, 
“On the Pernicious Influence which the Barberry Bush 
exercises on Cereals.”f This paper was almost over- 
looked until Mr. Nielsen brought it under notice in 1874, 
in his capacity as Consulting Botanist to the Royal Agri- 


* Banks, ‘‘ Annals of Agriculture,” vol. xliii. p. 521. 

+t Om Schoeler, ‘‘ Berberissens skudelige Indflydelse paa Sceden,” Lazda:- 
homminske Tidender (1818), part viii. p. 289; Nielsen, Ugeskrift for Land- 
media, 1884. 
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cultural Society of Denmark. Schoeler began the study of 
the subject in 1807, when, by closely observing the yellow 
spots on the under side of barberry leaves, he came to the 
conclusion that they were due to a microscopical fungus. 
In 1810, he noticed that the barberry bushes were nearly 
free from this fungus, and that the rye was that year almost 
free from rust.* “I then thought,” he says, ‘that there 
might possibly be a close relationship between the rust on 
the rye and that upon the barberry ; and when, in the fol- 
lowing year (1811), I noticed that the rust upon the bar- 
berry appeared much earlier in the spring than the rust 
did upon the other plants—grasses and cereals—I thought 
I had found out the true origin of the rust in rye. Still, 
however, this question again and again presents itself to 
my mind, ‘Where does the rust on rye come from in those 
places in which no barberries are to be found?’ In the 
summer of 1812 I convinced myself that the barberry 
bushes are indeed able to communicate the rust to the rye, 
by means of the wind, even to a considerable distance.” 

For several years prior to 1813 he experimented in his 
garden by planting different kinds of corn around barberry 
bushes, and found that rye and oats were especially liable 
to be destroyed almost every year by the rust, which always 
appeared first nearest the barberries. 

From 1813 to 1817 he planted large and small barberry 
bushes in his rye-field. He found that the larger bushes 
did not give rise to the rust in rye, when they lost their 
foliage in the process of transplanting ; but, on the con- 
trary, the smaller bushes, which did not lose their leaves 
so readily, did give rise to the rust in the rye to a very 
marked degree. 

One of his experiments he thus describes: “I planted 


* By the word here translated ‘‘rust” is evidently meant, not only the 
Uredo, but also the mildew. 
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in May, 1816, in a rye-field, three small barberries ; one of 
them did not thrive, but the other two developed nineteen 
leaves before the end of May, nearly all of which had the 
yellow spots (of Acidium berberidis) upon them. When, 
in the middle of the following June, the rye immediately 
surrounding these two bushes became rusty, I invited, by 
a notice in the newspapers, every one interested in the 
question to come and convince themselves of the pernicious 
influence which the barberry exerts. On account of this 
invitation many people came to visit me, and all of them, 
the learned as well as the unlearned, declared that they 
could accept no other cause for the rust on the rye than 
_ the small barberry plants.. They were astonished that so 
small a cause should have produced so great an effect. On 
June 22, most of the rye plants for thirty to forty feet 
(square feet) around these small barberries were more or 
less rusty, mostly so to the north and north-west, but for a 
long time afterwards not even a single rust spot could be 
found elsewhere in the field.” 

In the same year (1816) Schoeler performed the follow- 
ing experiment :—Some fresh branches of the barberry 
bush having rusty leaves upon them were cut off, put into 
a box, and carried to a rye-field, where the rye was still 
moist with dew. The rusty barberry leaves were applied 
to some of the rye plants—to the straw as well as to the 
leaves—by rubbing them with the underside of the affected 
barberry leaves, until he could see some of the “yellow dust” 
(spores) of the fungus adhered to the rye plants. The 
infected rye plants were then marked by tying them to 
sticks driven into the ground. In five days’ time these 
plants were badly affected with rust, “while at the same 
time,” says Schoeler, “not one rusty plant could be found 
anywhere else in the whole rye-field.” 

The question, however, was not even now fully decided ; 
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for although the above facts were in themselves unanswered, 

yet the so-called scientific botanists urged that the fungus 

upon the barberry leaves belonged to a totally distinct 

genus (AEcidium) to that upon the wheat (Puccinia). There 

is evidence to show that many careful observers, even at 

this time, suspected that the Puccinia was connected in 

some way with the uredospores which occur as its pre- 

cursors, This remained a suspicion only until Tulasne_ 
demonstrated that the connection between the uredospore 

and the teleutospore existed not only in the species in. 
question, but was the general rule amongst the Uredinez. 

In 1861, De Bary showed that many of the Uredinee not 

only had uredospores and teleutospores, but also that the 

latter gave rise in many cases (but not in all) to zcidio- 

spores, and conversely the zcidiospores to uredospores. 

De Bary also pointed out that in certain cases the 
sowing of germinating teleutospores upon the same species 
of host-plant which bore them was not followed by any 
result. Amongst these were Puccinia graminis. It further 
occurred to him that, as there were several zcidia unac- 
companied on their host-plants by any other spore-form, 
these might belong to Uredines which passed a part of 
their life upon one plant and the remainder upon another. 
Familiar with the facts already known to the practical 
agriculturist concerning the barberry and wheat mildew, 
he put the matter to the test of actual experiment. In 
1864, he sowed Puccinia graminis on barberry and produced 
the Aicidium, and in 1865 he did the converse culture, by 
sowing the zcidiospores upon rye. 

The results obtained by his experiments with P. 
gvaminis led De Bary to investigate the life-histories of 
other zcidia, which, like 4c. berberidis, are unaccompanied 
by any other spore-form on the same host-plant. Thus he 
found that P. rubigo-vera has its ecidiospores upon Lycopsis 
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arvensis, and P. coronata upon Rhamnus frangula* In the 
following year, 1866, Oersted showed that Gymnosporangium 
sabine and juniperinum were similarly connected with 
Restelia cancellata and cornuta; and in 1867, that G. cla- 
varieforme was connected with R&. Jacerata. In 1869, 
Fuckel indicated the connection of Uvomyces juncc with 
ic. zonale. In 1873, Magnus worked out the life-history 
of P. caricis in its relationship to 4c. urtice ; and Schréter, 
in the same year, the hetercecism of 4c. ranunculd bulbosi 
and Uromyces dactylidis. Since this time these facts have 
been repeatedly verified by numerous workers, and our 
knowledge of the subject has continuously increased, as 


the subjoined tabular statement will show. 


* Puccinia graminis Ecidium berberidis De Bary | 1864 
* Puccinia rubigo-vera Aécidium asperfolii De Bary | 1865 
* Puccinia coronata cidium rhamni De Bary | 1865 
* Gymnosporangium sabine | Reestelia cancellata Oersted | 1866 
* Gymnosporangium junipe- | Reestelia cornuta Oersted 1866 
rinum : 
* Gymnosporangium clava- | Reestelia lacerata Oersted | 1867 
riceforme 
* Uromyces junci fEcidium zonale Fuckel 1869 
* Puccinia caricis fEcidium urticee Magnus 1873 
* Uromyces dactylidis écidium ranunculi-bulbosi | Schroter | 1873 
* Coleosporium senecionis Peridermium pini Wolff 1874 
t Puccinia moliniz AEcidium orchidearum Rostrup | 1874 
* Puccinia sessilis Aécidium alli Winter 1874 
* Puccinia phragmitis ZEcidium rumicis Winter 1874 
Uromyces pisi Ecidium cyparissize Schroter | 1875 
* Puccinia poarum AEcidium tussilaginis Nielsen 1876 
Puccinia limosze Ecidium lysimachize Magnus | 1877 
Puccinia seslerize Ecidium rhamni-saxatilis Reichardt | 1877 
Puccinia sylvatica ARcidium taraxaci Schroter | 1879 
* Uromyces poz Ecidium ficarice Schréter | 1879 
Chrysomyxa rhododendri | Aicidium abietinum De Bary | 1879 
Chrysomyxa ledi ABcidium abietinum De Bary | 1879 
Calyptospora goeppertiana | Aécidium columnare Hartig 1880 
t Melampsora populina AEcidium clematidis Rathay 1881 
* Puccinia magnusiana Ecidium ranunculi-repentis | Cornu 1882 
Tt Melampsora caprearum Ceeoma euonymi Rostrup 1883 
+ Melampsora hartigii Czeoma ribesii Rostrup 1883 
t Melampsora tremulz Czeoma mercurialis Rostrup 1883 
Puccinia dioicze /Bcidium cirsii Rostrup 1883 


? De Bary, ‘‘ Neue Untersuch. iiber Uredineen,” 2nd paper (1886), pp- 
208—214. 
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Puccinia eriophori Ecidium cineraria Rostrup | 1883 

* Puccinia obscura Ecidium bellidis Plowright | 1884 
* Puccinia schdleriana Aacidium jacobzese Plowright | 1884 
* Puccinia perplexans Ecidium ranunculi-acridis | Plowright | 1884 
Puccinia vulpine Ecidium tanaceti Schroter | 1884 

* Puccinia arenariicola Ecidium centaureze Plowright | 1885 
* Puccinia phalaridis Aécidium ari Plowright | 1885 
+ Melampsora tremulze Czeoma laricis Hartig 1885 
* Gymnosporangium bisep- | Reestelia botryapites Farlow 1885 

tatum 
* Gymnosporangium confu- | Acidium mespili Plowright | 1886 
sum 
Puccinia pollinise &cidium strobilanthis Barclay 1886 
Gymnosporangium calvipes | Roestelia aurantiaca Thaxter | 1886 
Gymnosporangium macro- | Roestelia pyrata Thaxter | 1886 
us 

Crmartiita asclepiadeum | Peridermium acicola Cornu 1887 

* Puccinia extensicola A&cidium asteris Plowright} 1888 
* Melampsora zcidioides Czoma mercurialis Plowright} 1888 
* Puccinia paludosa Aicidium pedicularis Plowright | 1888 
* Puccinia persistens fEcidium thalictri-flavi Plowright | 1888 
* Puccinia trailii fEcidium acetosze Plowright | 1888 


* is affixed to those species which I have personally investigated. 
+ to those of which I have repeated the cultures, but am not able to confirm 
the above statements. 


The question naturally presents itself to us, Why are 
some species hetercecious and others not? 


One reason is 


pretty obvious, namely, that those Puccinie and Uromyces 
which are hetercecious occur upon host-plants whose cuticle 
is, if not silicous, at least very hard and difficult for the germ- 
tube of the promycelial spore to pierce—namely, on grasses, 
Carices and Junci. This, however, can hardly be the only 
reason, since Schroter has produced the A‘cidium on 
Euphorbia cyparissias from Uromyces pist ; in this case both 
the host-plants have soft epidermal cells. The Coleosporia 
and Melampsore afford similar instances. Whatever may 
have been the cause or causes in bygone ages, the fact is 
that at the present time so completely have these parasites 
become hetercecismal in habit, that the most profuse appli- 
cation of their promycelial spores to the graminaceous host 
is always without result. 
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CHAPTER VIII. 
MYCELIUM OF THE USTILAGINEZ, 


THE vegetative mycelium of the Ustilaginee is to the 
parasite one of its most important organs, for by it, and 
by it alone, does the fungus derive its nutriment from the 
host-plant upon which it subsists. Yet the mycelium is 
of all parts that which is least frequently observed ; nor 
can this be wondered at when one remembers that, like 
the mycelium of the Uredinez, it can be seen only by 
careful search —by cutting and teazing out numerous 
thin sections of the host-plant. We owe most of the 
information we possess upon the mycelium of the Usti- 
laginee to Fischer von Waldheim,* although, among 
others, both Kiihnt and Hoffmann} had previously 
figured it. It exists most abundantly in the tissues 
of the host-plant, in the immediate vicinity of those 
places in which the spores are developed; but it can also 
be found in other parts of the affected plant—in the 
monocotyledons particularly in the stem, but especially 
in the nodes and in the root-stock. In the dicotyledons 
it is not so easily found at a distance from the spore-beds ; 
still, in them too it has been seen in the root-stock and 


* Fischer von Waldheim, ‘‘Pringsheim Jahrbiicher” (1869), vol. vii. 


pp. I, 2. 
+ Kithn, “‘ Krankheiten der Kulturgewichse,” 2 aufl. 1859. 
t Hoffmann, “ Ueber der Flugbrand.” 1866, 
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stem, especially in the nodes. The mycelium consists of 
hyaline tubes, frequently septate, and enclosing watery or 
pellucid, frequently vacuolated contents (Plate V. Figs. 1, 2). 
Its walls vary in thickness, but very often they have a 
distinctly double contour. The number and frequency of 
the septa are subject to much variation ; in some instances 
they are close together, at others they are only found at 
distant intervals. This is also the case with the mycelial 
ramifications ; sometimes the hyphe do not extend for 
more than 24 without branching, at others they extend 
for 20u or more without dividing. These long unbranched 
hyphz are found mostly in the internodes ; in the nodes 
themselves not only are the branches more abundant and 
convoluted, but here too are encountered, more abundantly 
than elsewhere, the little intercellular haustoria, or suckers, 
which characterize the mycelia of many of the Ustilaginez. 
The mycelium ramifies not only between the cells of the 
host-plant, but, frequently piercing their walls, grows through 
them. Its diameter varies from 2 to 5u. The addition 
of caustic potash to a section of the host-plant containing 
mycelium renders the latter more distinct, and otherwise 
clears up the preparation ; so does prolonged treatment in 
glycerine. Its walls are not composed of cellulose, as 
they do not show any blue reaction when treated with 
sulphuric acid and iodine; but in some cases, as with 
U. maydis and Sorosporium saponarig, they do get an 
external coating of cellulose from the tissues of the host- 
plant, which, completely investing them, hides them from 
view (Plate VI. Fig. 3). The mycelium of almost all the 
Ustilagineze permeates more or less the whole of the 
affected plant, and although in the advanced state we 
can find it only near the spore-beds, yet originally it could 
be found in all parts of the axis of the young plant. In 
this it differs from the localized mycelia of most of the 
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Uredinee. These permeating mycelia, whether of the 
Uredinee or Ustilaginee, are perennial. When the plant, 
if perennial, dies down in winter, the mycelium, of course, 
dies down with it, but remains alive, although quiescent, 
in the upper part of the root-stock ; and when fresh shoots 
are sent up in spring, the mycelium is sent up in them. 
One peculiarity of most of the Ustilagineous mycelia is 
that, although it pervades more or less the whole plant, 
it produces its spore-formation at certain favoured places 
only ; these are, for the most part, in the flowers or seeds 
of the plants, but not always, sometimes on the stems or 
in the leaves. The place of spore-formation, however, is 
constant with each species. If a plant affected with one 
of the Ustilaginee be transplanted into a garden, it will, 
year after year, be affected with the parasite. In my own 
garden at King’s Lynn I have had growing for the past 
six years, plants of Colchicum autumnale affected with 
Urocystis colchicd, Triticum repens with U. hypodytes, and 
Avena elatior with U. segetum. De Bary mentions that 
a plant of Saponaria offcinalés, in the Freiburg Botanic 
Garden, was for more than ten successive years affected 
with U. violacea. 
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CHAPTER IX. 


FORMATION OF THE TELEUTOSPORES OF THE 
USTILAGINE. 

WHILE it is true that the spores of Ustilaginee are formed 
from the mycelium, yet the process does not take place 
directly from the vegetative mycelium which has just been 
described. On the contrary, at those favoured parts of the 
affected, host-plant at which the spores are developed the 
vegetative mycelium often quite suddenly changes its 
character. The double-contoured hyphe with pellucid 
vacuolate contents lose their double contour, become 
swollen or distended, and contain, instead of a clear watery 
fluid, a gelatinous, granular protoplasm. in which numerous 
oleaginous particles may often be seen (Plate V. Figs. 3-6). 
The gelatinization of these spore-forming hyphz is a great 
character of the Ustilaginez ; it does not, however, occur 
in all species. The first change observable in the mycelium 
before it becomes a spore-forming hypha, is that its walls 
increase in thickness at the expense of its calibre, which 
becomes proportionately diminished ; soon, however, the 
whole hypha becomes dilated, so that its lumen is increased. 
Its contents can now, by the action of reagents, be shown 
to consist of protoplasm. Spore-formation takes place, 
after these changes in the mycelium, so differently in the 
different genera that it will be necessary to describe the 
process, as it takes place in each one, separately. 
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Ustilago—The spore-forming hyphe enlarge and 
branch in various ways. The gelatinization of their in- 
terior takes place to such an extent as to almost obliterate 
their lumen, which, however, may frequently be seen as a 
narrow shining line in the middle of the hyphz (Plate V. 
Fig. 7). At certain points the surface of these hyphe en- 
large, so that they appear nodose. The increase in size - 
of the hypha continues, so that adjacent hyphze become 
variously tangled and intertwined together, and eventually 
many of the hyphe appear glued together, or to have 
coalesced. The irregularities of the hyphe become more 
marked, and it is obvious that each tumefaction will even- 
tually become a spore, inasmuch as they gradually get 
more and more rounded (Plate V. Fig. 8). It is in the 
interior of these distended hyphe that spore-formation 
takes place. It is, however, always found that the external 
spores are the most developed, the formation being, in 
fact, centripetal. The commencement of the differentiation 
of the protoplasmic contents is at the exterior of the mass, 
and it gradually proceeds inward towards the centre. The 
spores when first formed have gelatinous envelopes, and 
gradually become more or less polygonal from mutual 
compression. The interior of the spore is now seen to 
have a distinct contour, and to contain fatty granules. 
The outer edge of this contour darkens, and even while it 
is still surrounded by a thin gelatinous envelope the 
irregularities of the epispore begin to be apparent. As 
the spores ripen this gelatinous membrane disappears, so 
that at their maturity they have no remnant of it; nor are 
any remains of the mycelial hyphe attached to them, as is 
often seen in Tilletia. 

Sphacelotheca.—This genus differs from Ustilago in the 
spore-mass being developed in a receptacle. De Bary thus 
describes its development: “The vegetative mycelium, 
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entering the ovary through the flower-stalk, sends its 
hyphz through the funiculus into the ovule, which becomes 

permeated by densely interwoven hyphe. The micro- 
; pylar end of the integuments alone escapes and remains, as 
a cap on the top of the diseased ovule, for some time, 


Fig. 4.—Sphacelotheca hydropiperis (Schum.) A, Ovary and perianth of Polygonum 
hydropiper affected with S. hydropiperis. B, The same more advanced, showing the micro- 
pylar cap (c). C, Section of ovary and perianth at an early stage 5 & the style; o, the 
integument of the micropylar end of the ovule; / wall of the ovary; Z, the perianth. The 
spore-formation is seen to be commencing above, and the rudimentary columella is visible. 
D, Section of a more advanced ovary, showing the walls of the receptacle and the columella 
(c). Slightly magnified. (De Bary.) 


but eventually falls off. The hyphe develop partly into 
spores and partly into the receptacle. The latter consists 
of a thick external case with a central columella. The 
cells of which it is composed are but loosely compacted, 
colourless, and about the size of the spores, The least 
injury fractures this case and allows the escape of the 
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spores.” The spore-formation itself is similar to that of 
Ustilago,* and, commencing above, proceeds downwards. 
Sorosporium,— The spore-formation in Sorosporium 
differs considerably from that which has just been described 
in Ustilago, although it is obviously of the same type. In 
Ustilago the mature spores are separate and distinct, form- 
ing usually a pulverulent mass. In Sorosporium, on the 
other hand, they are in their perfect state aggregated into 
spore-balls, which individually often contain fifty or a 
hundred separate spores. The process of spore-formation 
has been studied by Von Waldheim with S. sapgonaria, 
and is as follows :—The mycelium, which is very abundant 
in the blossom and ovary, rapidly changes into spore-form- 
ing hyphe, from 4 to 74 in diameter, which are gelatinous 
and full of shining protoplasm. The free ends of these 
hyphe have a tendency to curve inwards and roll them- 
selves up (Plate V. Fig. 9). The spore-forming hyphe 
from several contiguous mycelial branches, incline together, 
and twist themselves into a ball, as happens in the forma- 
tion of a lichen thallus. These convoluted and contorted 
spore-forming hyphe, being gelatinous, soon become so 
intertwined and entangled that they cease to be indi- 
vidually recognizable; to all appearances they coalesce 
together in part, if not entirely, and on the exterior of this 
gelatinous ball other hyphz are now seen encircling it 
(Plate V. Figs. 10,11), These latter, also being gelatinous, 
soon lose their individuality, although at times traces of 
their concentric arrangement can be made out. Spore- 
formation takes place only in the central gelatinous ball, 
in the middle of which it commences by the central part 
darkening in colour and becoming differentiated into 
spore-like bodies, which vary in number from four to 
sixteen. Apparently these bodies again subdivide, so 
* De Bary, “‘ Vergleichung,” p. 187, 
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that when the spores arrive at their maturity the spore- 
balls contain sixty to a hundred or more spores. In the 
young state these developing spores are polygonal from 
mutual pressure, and they are to be found in spore-balls 
not more than Sou in diameter. In the subsequent de- 
velopment of the spores the balls increase in size, and the 
gelatinous zone swells also. When, however, the spores 
assume their characteristic deep brown colour this gela- 
tinous zone begins to be absorbed, having been utilized in 
the development of the spores. In spore-balls of 7ou in 
diameter the gelatinous zone is only from 4 to 6u thick. It 
entirely disappears when the spores have attained their 
full maturity. In a certain sense it may be said that the 
spore-formation is centrifugal, inasmuch as it commences 
in the centre of the gelatinous ball; but the peripheral 
spores are as in Ustilago, the oldest, having been pushed 
outward by the continued formation of the younger spores 
in the centre of the mass. These externally placed sporcs 
either continue their development independently, or, what 
is more probable, their spore-forming hyphze have become 
greatly elongated, but still remain in connection with the 
host-plant (Plate V. Fig. 12). In Sorosporium, however, 
certain solitary spores occur independent of those aggre- 
gated into spore-balls. The development of these isolated 
spores takes place in single hyphe. The end of the hypha 
becomes gelatinized, swells up, and a spore is developed 
inside. They are at first surrounded by the gelatinized 
hyphae, which generally, however, disappear entirely by 
the time the spores are mature. 

_ _Tubercinia—The spore-formation of Tubercinia has 
been worked out by Woronin* in Tubercinia trientalis. 


* Woronin, “ Beitrag. sur Kenntniss der Ustilagineen” (1882), pp. 4-16, 
t. ii. figs. 3-10. De Bary and Woronin, ‘‘ Beitrage zur Morphol. und Physiol, 
der Pilze,” 5 reihe. 1882. 
F 
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-Subjoined is a summary of his observations. The 
mycelium pervades all parts of the affected plant, excepting 
the roots. It consists of intercellular, branched, sparsely 
septated, hyaline hyphz, having a diameter of from 2 to 
3u. It is most abundantly distributed in the cortical 
tissues, and sends botryform haustoria (Plate VI. Fig. 1) 
into the adjacent cells. At certain places it gives off 
smaller, more richly septate branches, unprovided with 
haustoria, which are destined to form the spore-beds. This 
is accomplished in the following manner :—A number of 
straight and rather larger branches are given off, which 
soon become curved and interwoven in various ways, gene- 
rally more or less spirally, so as to form an entangled knot. 
The spore-bed which this entanglement forms develops 
spores from within outwards ; each spore-ball contains from 
fifty to a hundred spores, The spores measure from 55 
to 75u in diameter, and consist of an endospore, containing 
granular protoplasm, and an exospore. No gelatinization 
of the spore-forming hyphe, such as takes place in the 
spore-formation of Sorosporium saponari@, was observed. 
Tilletia.—The spore-formation in this genus was first 
indicated by Tulasne,* afterwards by Kiihn,t who gave 
a figure of the process; but it is to Von Waldheimt 
that we are indebted for the most detailed account. He 
thus describes the process: The vegetative mycelium of 
Tilletia tritict is nearly 24 in diameter. The swelling 
and gelatinization of the spore-forming hyphze is not so 
marked as in Ustilago, so that the lumen of the hyphe 
is never so contracted. Spore-formation begins by the 
hyphe giving off pyriform buds, 1°35 across (Plate VI, 
Fig. 4), in succession, from their sides ; these outgrowths in- 


* Tulasne, ‘17 Mémoire sur les Ustilaginées comparées aux Uredinées,” 
Pp: 27, e¢ seq. 

+ Kiihn, ‘‘ Krank. der Kulturgewachse,” p. 56, t. iv. fig. 5. 

t F. von Waldheim, Joc. cet. 
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crease in length and breadth, so that the pyriform swellings 
become spheres, from 2 to 3 across, attached to the hypha 
by thin stems about Im thick. These become differentiated ; 
their contents vacuolated and oleaginous, and the con- 
necting branches speedily wither (Plate VI. Figs. 5, 6). 
The epispore subsequently darkens and becomes uneven, 
while to many ripe spores the remains of the spore-forming 
hyphz continue attached. 

In 7. strvieformis the process is very similar, but the 
spore-forming hyphe are larger and more gelatinized, and 
invest the spores to their maturity, after which they dis- 
appear without leaving any trace. 

Doassansia.*—The mycelial hyphe in the tissues of 
the host-plant give off branches, which at certain points 
become interlaced into tangled knots. From these knots 
are formed the spores; the central portions forming the 
true spores, while the external develop into a 
layer of oblong or wedge-shaped sterile cells, 
which constitute an investing peridium. The 
peridial cells are darker in colour than the 
spores (Plate VIII. Fig. 4). 

Entyloma—tThe spore-formation in Enty- 
loma is very similar to that of Tilletia. De 
Bary t investigated it in E. mzcrosporum and 
calendule. The much-branched mycelium is 
principally intracellular. At certain places 
blister-like swellings appear along the spore- 


forming hyphz, and also at their ends. The ,,¥i8: 572" 


Hers : 1 f 
contents of these swellings become differen- ine’ scbutospores 


tiated into spores, so that they are intercalated foming.bpha 
3 ; e Bary. 
in the hyphe (Fig. 5). Often a series of : 


spores, formed one behind the other, may be seen still con- 


* Cornu, Ann. des Science Nat., 6° sér., Bot., tome xv. p. 280, ef seg. 
“+ De Bary, Bot. Zeitung (1874), pp. 81-93; pp. 97-108, t. ii, 
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nected with the remains of the spore-forming hyphe. At 
maturity these spores do not break up into dusty masses 
like Ustilago, but remain as compact colonies embedded in 
the tissues of the host-plant. Each spore has two coats, 
and contains coarse protoplasm. The outer coat is some- 
times gelatinous at its maturity. 

Urocystis.—-The process has been studied by Kiihn,* 
De Bary,t Wolff,f and Winter§. The spore-forming 
hyphz become swollen at their ends ; two or more of these 
branch and wind themselves together, generally in a spiral 
manner, so as to form a glomerulus, and then, becoming 
highly gelatinized, they are quite indistinguishable from 
each other. In JU. occulta, Wolff considers that they have 
a common investing membrane. At the same time, other 
branches are given off from the spore-forming hyphe, 
which apply themselves to the outside of the glomerulus 
(Plate V. Figs. 13, 14, 15). As Winter points out, this 
might be looked upon as a sexual act, the central spiral 
branches of the glomerulus being the carpogonium, and the 
external enveloping branches the pollinodium ; but there 
is no proof that this is really a sexual act, especially as 
similar conditions occur in the spore-formation of various 
Ustilaginez, and in Geminella, in which no sexuality 
occurs. The spores are formed entirely from the gelatinized 
central glomerulus, and, as De Bary first showed, the pseudo- 
spores are formed by the outer branches. Prillieux || con- 
siders that the spores of Urocystis are formed in a similar 
manner to those of Sorosporium. The details of his obser- 
vations are given on the plate which accompanies his paper. 

* Kiihn, loc. cit., pp. 78, 79. 

+ De Bary, ‘‘ Morph, und Physiol.,” p. 125. 

t Wolff, Bot. Zeitung, 1873 ; “ Der Brand des Getreides,” 1874. 
§ Winter, Flora, 1876, ‘‘ Ustilagineen.” 


|| Prillieux, ‘‘Sur la formation et la germination des Spores des Urocystis,” 
Ann. des Science Nat., 6° sér., Bot., vol. x. pl. i, 
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Localization of Spore-beds.—The bulk of the Ustilagineze 
are characterized by the constancy by which they repro- 
duce their spore-formation, in the same tissues of their 
respective host-plants. In the majority of the species the 
spores are localized somewhere in the reproductive organs 
of the host-plant ; very frequently in the ovary (T72U/etia 
tritict, decipiens, U. caricis, Thecaphora hyalina), or in the 
anthers (VU. violacea, scabiose@) ; often the blossoming and 
fructifying organs are attacked and destroyed (U. segetum, 
bromivora, kiihneana, Sphacelotheca); sometimes the leaves 
are affected (U. longissima, T, strieformis, Uroc. occulta), or 
the stems (U. hypodytes, grandis), or even the subterranean 
organs (U. hypogaea, Uroc. gladiol). With Entyloma and 
its allies, however, this selection of tissue by the parasite 
does not obtain; with these species the spore-formation 
seems to occur in almost any part of the plant. 

Structure of the T: eleutospores.—The teleutospores of 
the Ustilaginez consist of two membranes: an outer, which 
is thick and generally dark-coloured—the exospore; and 
an inner, which is thin and hyaline—the endospore, The 
exospore is subject to considerable variety; it may be 
quite smooth, or covered with extensive reticulations. 
Between these various intermediate conditions occur ; thus 
in U. segetum it has generally been regarded as smooth, 
but it is rather to be described as granular, although Winter 
speaks of it as being “generally very minutely verrucose, 
and seldom quite smooth.” The degree of roughness of 
the epispore varies from extremely minute elevated points 
to marked tubercles. These elevations may be evenly 
distributed over the whole spore, or they may be confluent 
in lines or ridges. Sometimes these ridges anastomose, 
and so form a reticulate or alveolate spore (7. ¢rzticz, 
Sphacelotheca). The colour of the spore depends upon that 
of the exospore; as a general rule the spores, as seen 
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en masse, are blackish, but frequently, however, with an 
olive-brown or yellowish lustre, especially when viewed 
in an oblique light. UT. segetum, when it occurs in wheat, 
has a distinctly golden lustre, but when on Avena elatior 
it is sooty black. Physiological research will possibly 
show that these two forms are specifically distinct. With 
U. scabtose the spores in bulk are flesh-coloured, and in 
U. succise they are quite white. Individually, the spores 
of the various species, as seen under the microscope, afford 
a considerable range of colour—black, dark violet, brown, 
olive-brown, and yellowish, or quite colourless. In some 
species a germ-pore is said to exist, through which the 
promycelium is protruded in germination ; but these germ- 
pores of the Ustilaginez are by no means so marked a 
formation as in the Uredinee. In U. tragopog? the germ- 
pore is said to occupy from one-quarter to one-half the 
epispore.* Much more commonly do we find, as in 
T. tr¢tic?,} a small opening which splits into a rift as the 
promycelium grows out. In Thecaphora hyalina the germ- 
pore is round and paler in colour than the rest of the 
epispore ; moreover, it is smooth, while the epispore is 
verrucose. Upon the whole, although germ-pores probably 
exist in all species, they are inconspicuous, and are very 
easily overlooked in the smaller spores. The reticulations 
on the epispore of Sphacelotheca are shown by the action 
of sulphuric acid, when examined: by a high magnifying 
power, to consist of a series of distinct palisades, placed 
vertically.{ As a general rule, the spores are globose, but 
in most species this is subject to a certain amount of 
variation ; they often have one diameter rather longer 
than the other, but more frequently they show the result 


* De Bary, ‘* Morph. und Physiol.,” p. 128. 

+ Brefeld, ‘‘ Hefenpilze,” p. 48. 

{ F. von Waldheim, ‘Sur la structure des spores des Ustilagingées ” 
(1867), pp. 243-245. 
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of mutual compression by being flattened in one or more 
directions. In JU. caricis they are often flattened on one 
side, so as to be subhemispherical. In size they vary 
from 4u in U. hypodytes to 30u or more in Uvocystzs fischert. 
They may be simple or collected into spore-balls (Soro- 
sporium), in which case they appear, when seen separately, 
asin Z. hyalina, to be segments of a sphere, being convex 
externally, but internally more or less wedge-shaped. In 
Urocystis the spore-balls are surrounded by a variable 
number of barren spores or pseudospores, which are paler 
in colour, often almost hyaline ; these do not germinate. 

Hartsen * found that the spores of the U. maydis would 
not yield their colouring matter to any of the ordinary 
solver.ts, but that strong sulphuric and nitric acids de- 
colourized the epispore, rendering it more transparent 
without at once destroying it, so that the contour of the 
exterior remains unaffected. Although the spores some- 
times burst, yet by these reagents the structure of the 
epispore can be conveniently examined. In nitric acid 
the spores of the U. maydis swell up, and after a time 
they dissolve, giving off an odour of bitter almonds. Sul- 
phuric acid is the better reagent to employ in the exami- 
nation of the spores, as, although it decolourizes and renders 
the epispore transparent, yet it does not so rapidly 
destroy the latter. 

* Hartsen, ‘Compt. rendus ” (1874), pp. 441, 442. 
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CHAPTER X. 


GERMINATION OF THE TELEUTOSPORES OF THE 
USTILAGINE:, 


ArT the beginning of the present century, Prevost * discovered 
the fact that the spores of U. segetum and T. tritici, when 
placed in water, would germinate. He observed the pro- 
cess in Tilletia to consist of the protrusion of a germ-tube 
and the development upon it of primary spores, which 
became united in pairs below, and which bore above the 
secondary spores. His observations were confirmed by 
De Candolle,t by Caron and Vandenhecke,t and by Mr, 
Berkeley,§ and they have been accurately described and 
delineated by almost all the more recent observers. With 
U. segetum Prevost observed the germ-tube, and that it 
gave off small secondary branches. His observations were 
confirmed by Tulasne,|| Bonorden,f Kiihn,** and others. 
Little additional light had been thrown upon the subject, 


* Prevost, B., ‘‘ Mém. sur la cause immédiate de la Carie.” Montauban; 
1807. g 

+ De Candolle, ‘‘ Physiol. Veget.” (1832), vol. iii. p. 1436. 

+ In 1835 referred to by Tulasne, ‘‘ 1° Mémoire,” p. 38. 

§ Berkeley, ‘‘ Propagation of Bunt,” Trans, Hort. Soc. London (1847), 
vol. ii. p. 113. 

| Tulasne, ‘‘Mém. sur les Ured, et Ust.,” dan. de Sct. Nat., 4° sér., 
tome ii. p. 113. 

{ Bonorden, ‘‘ Handb, d. Allg. Mykologie” (1851), p. 39. 

** Kiihn, ‘Krank, Kult.,” 2 aufl, 1859. 
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until Brefeld,* in 1882, published his investigations, by 
which it appears that the Ustilagineze are capable of per- 
petuating themselves for long periods, outside and inde- 
pendently of their host-plant, in the excreta of herbivorous 
animals. It will be more convenient to describe the ger- 
mination of the spores of the various Ustilaginez in detail, 
as was done with their spore-formation. 

Much confusion exists in the works of various authors 
who have written upon the subject, from the diverse appli- 
cations to which the word “spore” has been made. For 
instance, Cooke} speaks of the teleutospores of the Ustila- 
ginez as pseudospores, which term he applies to the zcidio- 
spores, uredospores, and teleutospores of the Uredinez. 
Again, these bodies are sometimes called conidia, which 
term is applied by Brefeld to the secondary spores of the 
Ustilaginez. In order to avoid confusion, it may as well 
be stated at once that while the term “spore” may be 
correctly applied to all the reproductive bodies possessed 
by these fungi, in a general sense, yet it becomes necessary 
to affix to it some qualifying word, such as teleuto-spore, 
resting-spore, uredo-spore, promycelial spore, zecidio-spore, 
and so forth. In speaking of the Ustilaginez, the word 
“spore” has generally been applied to the perfect, last- 
‘formed bodies—the teleutospores, analogous to the teleuto- 
spores of the Uredinez ; those bodies, in fact, with which 
we are all familiar as the black dust of bunt and smut. 
These black teleutospores, when they germinate, protrude 
a germ-tube—the promycelium. This promycelium bears 
certain very small hyaline bodies, which are spores, and 
may be fairly enough designated promycelial spores, inas- 
much as they have been produced by the promycelium ;- 
as, however, the term “ sporidia” is very commonly applied 


* Brefeld, ‘‘ Hefenpilze.” 1883. 
t Cooke and Berkeley, ‘‘ Fungi, 


x: 1875, 
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to them by Continental botanists, we may use it when 
writing or speaking in English. 

The promycelial spores very commonly produce second- 
ary promycelial spores by budding. Hence we may speak 
of primary and secondary promycelial spores. When these 
promycelium spores continue many times to multiply them- 
selves by budding, after the manner of Saccharomyces, 
Uredine spermatia, etc, they may very well be called, 
as Brefeld suggests, “ yeast-spores” and “ yeast-colonies.” 
The term “ conidia” will be confined to that form of fruit 
in Tubercinia and Entyloma which is produced in the air 
from the mycelium in the living host-plant. 

Ustilago.—The germination of the spores of Ustilago 
varies somewhat in different species. The commonest 
type is that of U. segetum, violacea, maydis, kiihneana, 
scabios@, etc. 

U. segetum.—If a few spores be placed in a drop of 
water, they will begin to evince signs of vitality in six or 
eight hours. Germination occurs more rapidly in summer 
than in winter, and in fresh spores than in those which 
have been kept some months. At one point of its surface 
the spore emits a germ-tube, which grows straight out- 
wards, until it is from three to four times as long as the 
spore is wide; and under certain circumstances this tube 
may, according to Kiihn, have the functions of a germ- 
tube (Plate VII. Fig. 6), entering by its pointed extremity 
the tissues of the host-plant. Normally, however, it becomes 
divided by septa into from three to five compartments, 
generally into four. This germ-tube is an outgrowth of 
the endospore, which is pushed upward through the exo- 
spore. It is from 30 to 4ou long, and from 4 to 5u broad 
at its maturity. At first it is in direct communication with 
the endospore, and the protoplasm therein contained passes. 
into the germ-tube and fills it. Adopting the phraseologt, 
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of De Bary, this germ-tube constitutes the promycelium. 
In the course of a few hours the promycelium has received 
into itself all the protoplasm originally contained in the 
spore, Transverse septa now make their appearance in it, 
and it thus becomes divided into four or five equal compart- 
ments. From the outer walls of the now septate promy- 
celial tube little offshoots or buds arise, into which the 
_ protoplasm of the tube passes (Plate VII. Fig. 1). These 
buds continue to increase in size until they become elon- 
gated, ovate, or elliptical promycelial spores; they then 
fall off. Generally they are produced from the side wall 
of the promycelium, near the septa, and almost always one 
is produced from the apex of this structure. If the proto- 
plasm in each segment be exhausted by the production of 
promycelial spores, then spore-formation from it ceases ; 
but if all the protoplasm be not used up in the formation 
of the first promycelial spore, a second but usually a smaller 
one is budded off. In fact, spore-development from the 
promycelium goes on until its protoplasmic contents are 
exhausted. It is not at all uncommon for one of these 
primary promycelial spores to remain attached to the pro- 
mycelium instead of falling off, and at its free end to give 
off a small bud, which gradually grows into a secondary 
promycelial spore, the latter being of smaller dimensions 
than the one from which it sprang (Plate VII. Fig. 2). These 
primary and secondary promycelial spores, after they have 
fallen away from the promycelium, show still further 
developmental changes in water. (1) They may, as Tulasne 
has figured, emit a germ-tube (Fig. 12)—a very narrow 
tube pointed at its extremity, into which the contents of 
the promycelial spore are passed.* (2) Two promycelial 
spores, being near one another, may become joined by a 
transverse branch, through which the contents of one of 


* Tulasne, ‘2° Mémoire,” pl. 12, figs. 22-24. 
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them passes into the other (Fig. 11). When the first pro- 
mycelial spore has become emptied of its contents, the 
second emits a tube which may remain as a germ-tube, or, 
as it becomes full of protoplasm, its end may swell out and 
form a third spore. (3) At a variable distance from the 
spore from which it arose a detached spore may form a 
connection with one of the segments of another promyce- 
lium ; sometimes as many as three spores may thus become 
united.* 

Germination, however, does not always occur in the 
above typical manner, namely, by the development of pro- 
mycelium and promycelial spores. From some of the 
largest teleutospores two promycelia are occasionally given 
off (Fig. 7). More commonly we find that, instead of pro- 
mycelial spores being produced in the regular manner 
above indicated, only one or two segments give rise to 
them. The others send off branches, into which their con- 
tents are emptied in the same manner as occurred when 
spores were formed. The free ends of the promycelial 
branches often come into contact with one another. When 
this happens they fuse together and become one continuous 
tube. (1) Thus a tube given off from one of the upper 
segments may form a connection with one of the lower 
segments of the same promycelium in the form of a bow 
(Fig. 4). (2) Two continuous segments may become united ° 
by forming what Brefeld calls a buckle-joint. This con- 
sists of the unequal growth of one side of the promycelium 
at the level of one of the septa; as this growing-out con- 
tinues the promycelium itself becomes bent at an angle, 
at first obtuse, but eventually acute. A reference to the 
figures (Plate VII. Figs. 3 and 9) will render this obvious. 
(3) Promycelia from two different spores may unite by 
branches in various ways, either by their ends or at any 


* Brefeld, loc. czt., pp. 54-67, t. ii, iii., figs, 1-17. 
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part of their length ; or the end of one may become united 
with the central segment of another, and so forth (Fig. 5). 
These various fusions take place only in spores grown in 
water. Brefeld has shown, however, that when cultivated 
in a medium which is capable of supplying suitable nutri- 
ment to the spores, these various fusions do not take place. 
He discovered that an aqueous extract of the excreta of 
herbivorous animals, sterilized by discontinuous boiling, 
afforded such a medium (ndhrlisung). Spores of U. sege- 
tum placed in Brefeld’s nutrient fluid germinate sooner 
than in water. Not only so, but the promycelia and the 
promycelial spores are larger than those produced in water. 
No fusion of spores or buckling of promycelia occur. The 
most remarkable fact is that the promycelial spores mul- 
tiply themselves by budding, very much after the manner 
in which yeast-cells multiply themselves in saccharine fluids 
(Plate VII. Figs. 8-10). Brefeld has kept them thus repro- 
ducing themselves for more than a year, by replacing the 
nutrient fluid as it became exhausted. The promycelial 
spores continue to reproduce themselves by budding, as 
long as the nutrient fluid remains unexhausted ; when this 
occurs they cease to bud, and fuse in various ways, as is 
seen when germination takes place in water. The yeast- 
spores of this species produced in his nutrient fluid are 
rather larger than the primary spores produced from the 
promycelium in water; they are, however, of the same 
shape, and measure from 9 to 30m in length, and from 
3 to 5in breadth.* Kept moist, they retain their vitality 
for about two months, but if allowed to dry, none germi- 
nated after the sixth week. The teleutospores, on the 
contrary, if kept dry, retain their germinative faculties for 
a very long period. Brefeld found that at the end of two 
years they germinated as freely as when fresh; other 


* Brefeld, loc. cz#., p. 13. 
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observers have found that they even germinate after seven 
and a half years.* 

U. Cardui, F. v. W.—Kiihn found that teleutospores 
in water produced promycelia and small ovate promycelial 
spores.f In nahrldsung yeast-colonies are produced very 
abundantly, being from 5 to 8u long, and from 3 to 5 
wide; they very much resemble the cells of beer-yeast, but 
of course they do not bud in saccharine media.f 

U. flosculorum, D.C. (U. intermedia, Schroter).— 
The germination has been studied by Schréter,§ who 
found the spores, when placed in water, germinated very 
quickly, for in twelve hours all had produced promycelia. 
These attained a length of from 16 to 20u, and a width of 
from 5 to 64; they generally become triseptate, and bear 
sporidia both laterally and terminally. These are shortly 
ovate in form, and measure 6u in length, and from 4 to 
5 in width. In the course of thirty-six hours the 
sporidia tend to become spherical. The promycelia have 
a great tendency to fall away from the teleutospores and 
. subsequently to produce promycelial spores, so that they 
become sporophores (/ruchttréger). The budding in 
nahrlésung Brefeld || found to be so profuse as to be quite 
phenomenal. The yeast-spores are from 4 to Su long, 
and 4u wide. 

U. violaca, Pers. (U. antherarum, Fries)—The teleuto- 
spores of this species are even better suited for observa- 
tion than those of the one just described, inasmuch as, 
being rather larger, the promycelia are proportionately 
bigger, and the septation and spore-formation more easily 
observed. The teleutospores germinate after a very short 

* Von Liebenberg, ‘‘ Oesterr landw. Wochenblatt” (1879), Nos. 43, 44. 
t Kiihn in Rabenhorst’s ‘‘ Fungi Europzi,” No, 1798, 
t Brefeld, Zoc. ci¢., pp. 86-88, t. vi. figs. 1-16. 


§ Schroter, “‘ Beitrage zur Biol.,” bd. ii. heft. iii, pp. 352, 353. 
|| Brefeld, /oc. cz?., pp. 89, 90, t. vi. figs. 17-27. 


Germination of Teleutospores of Ustilaginee. 79 


immersion in water. The process has been described and 
figured by Tulasne * and Von Waldheim.t Brefeld ¢ found 
the production of the yeast-cell colonies was very prolific 
in nahrlésung, where they multiplied themselves through 
endless generations, whereas in water no budding took 
place after the second day. These yeast-spores are ovate, 
but somewhat elongated; from 5 to 7u long, and from 3 
to 4u wide. The germinative faculty lasts for about six 
weeks. The spores in water or in exhausted nahrlésung 
frequently unite in the same manner as those of U. 
segetum. 

When this fungus attacks the anthers of Lychuzs diurna, 
a plant which is usually unisexual, the styles which would 
normally be short, acute, and erect, become long and 
recurved, as they are in the female flower. This has been 
pointed out by M. Cornu, as well as by other observers. 

U. maydis—The germination of these spores was 
observed by Kiihn § and Wolff,| and does not materially 
differ from the above: the yeast-spores,? however, are 
elongated and fusiform, being from 10 to 36u long, and 
from 3 to 5m wide. 

U. scabiose (Sow.) (U. flosculorum).—The spores germi- 
nate very freely and very soon in water. According to 
Schroter ** the promycelia are three or four-partite ; about 
from 20 to 224 long, and du wide; the promycelial 
spores are about 4u long. In nahrlosung Brefeld tt found 
the yeast-spores to be from 4 to 8u long, and from 1°5 
to 24 wide. They were produced continuously and 


* Tulasne, ‘‘ 17 Mémoire,” t. iv. fig. 18. 

t+ F. von Waldheim, Joc. czt., t. xii. 

} Brefeld, Joc. ct#., pp. 36-54, t. i. figs. 1-27. 

§ Kiihn, “‘ Krankh d. Kulturgew.” p. 260, t. iii. figs. 22, 23. 
|| Wolff, ‘Brand des Getreides,” p. 11 t. i. fig. c. 

q Brefeld, oc, czt., pp. 67-75, t. iv. figs. 1-17. 

** Schroter, “ Cohn Beitrage,” vol. ii. 1877 

tt Brefeld, /oc. cit., pp. 78-81, t. v. figs. 1-6. 
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abundantly. As the teleutospores are of pretty large size, 
their germination is easily observed. I have found them 
germinate much more freely in summer than in late autumn 
(Plate VII. Fig. 18). 

U. tragopogi (Pers.) (U. veceptaculorum, Fries).—The 
germination was observed by Tulasne,* and by Von Wald- 
heim,t to consist in the protrusion of a promycelium 
through a very marked germ-pore in the epispore. It 

becomes three or four-septate, and pro- 

duces subcylindrical promycelial spores, 

which are rounded, especially at their 
distal ends. These often grow nearly 

parallel to the promycelium, as figured 
by Von Waldheim; sometimes they 

are produced terminally upon branches 
pore Baines wast given off from the segments of the pro- 
nating and promyesiiaispores mycelium. Conjugation often takes 
place between them after they have 

fallen off. In nahrlésung Brefeld ¢{ found them to be abun- 
dantly reproduced by budding, but they were larger, mea- 
suring from 5 to 20u in length, and from 5 to 7u in breadth, 

U. kithneana, Wolff.—The promycelium is three to four- 
septate, the lowermost compartment being the longest 
and empty. It produces numerous promycelial spores in 
whorls at each septum (Plate VII. Fig. 17). In nahrlo- 
sung § they budded very profusely, forming very character- 
istic small yeast-spores, from 3 to 54 long, and from 3 
to su wide. Wolff|| also investigated the germination in 


water. 
U. hypodytes (Schlecht.).—The germination of this plant 


* Tulasne, ‘‘2° Mémoire,” pp. 159-160, t. xii. figs. 34-40. 
t F. von Waldheim, loc. cét., t. xi. figs. 27-37. 

t Brefeld, oc, czt., pp. 81, 82, t. v. figs. 7-11. 

§ Brefeld, doc. cit., pp. 83-88, t. v. figs. 12-20, 

|| Wolff, Bot, Zeitung (1874), pp. 814, 815. 
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is markedly different from that of any of the former species. 
Winter * figures an elongated promycelium with a pro- 
mycelial spore, borne laterally upon a long pedicel. He 
found that the spores germinate freely in water, and that 
the endospore sends out a process—the promycelium—from 
the interior of the spore, which grows to 30 or 50 in 
length, but is only about 3u wide. It becomes septate, 
and gives off short lateral branches, which become spores. 
They are slightly clavate, and from 6 to 7 long.t 
Brefeld{ found that in nahrlésung they only produced 
mycelial hyphe without spores. Although I have tried 
many times, I have never succeeded in getting the teleuto- 
spores of this species to germinate. 

U, longissima (Sow.).—When the spores of this species 
are placed in water they very soon begin to germinate. 
The process, as carried on in this species, differs very 
materially from that which obtains with the previously 
mentioned species. This, as was first pointed out by 
Von Waldheim,§ consists in the protrusion of a very 
narrow straight tube through a small opening in the 
epispore. This acquires a length of about 10 or 12, 
when it becomes divided below by a septum into two un- 
equal parts (Plate VII. Fig. 14), the upper of which 
is about 6 or 8u, and the lower 3 or 4u long. The 
lower portion is, moreover, narrower than the upper, 
and is the true promycelium, the upper being the pro- 
mycelial spore. The promycelial spore soon falls off, and 
the promycelium produces, in about an hour, Von Waldheim 
says (but I have personally made no observation as to 
time), a second promycelial spore, which in like manner 
falls off, and is followed by a third (Plate VII. Figs. 15, 16). 


* Winter in Rabenhorst, ‘‘ Kryptogam, Flora,” vol. i. p. 81, fig. 4. 
+ ‘*Flora” (1876), Nos. 10, II. t Brefeld, /oc. cz¢., p. 103. 
§ F. von Waldheim, Zoe, cit., t. v. figs. 42-46. 
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According to Brefeld,* it is seldom that more than three 
promycelial spores are produced from one teleutospore 
before it becomes emptied of protoplasm and exhausted. 
Be this as it may, if a few teleutospores be placed in a 
drop of water on a glass slide, and examined at intervals 
for two or three days, one can see with the naked eye that 
there has fallen to the bottom of the drop a whitish cloud. 
Upon microscopic observation, this cloud is found to con- 
sist of an immense assemblage of promycelial spores. 
They are cylindrical bodies, with somewhat attenuated’ 
extremities, and often measure from 8 to 10m in length, 
and from 1°§ to 2u in breadth. Hence it appears that 
they have increased in size since they fell off the pro- 
mycelium. After a time this increase in size ceases, but 
not before some few odd ones here and there have attained 
a length of from 20 to 30pm. 

Brefeld found, by the culture of isolated promycelial 
spores in nahrldsung, that after these bodies had fallen away 
from the teleutospore which produced them they not only 
multiplied themselves, but increased enormously in length 
and thickness. This they did with great rapidity. They 
more resembled hyphe than promycelial spores, and each 
soon became more or less septate. They multiplied by 
giving off a small bud-like projection laterally, and at a 
short distance from one or other of their extremities. This 
bud rapidly grew into a second spore, but before it attained 
the dimensions of its parent the latter had given off a 
similar bud towards its opposite extremity; and so the 
process of multiplication goes on until the nahrlésung is 
exhausted. When this takes place, instead of multiplying 
in the manner above described, the promycelial spores give 
off hyphz of considerable length, which become septate at 
intervals from below upwards, and the protoplasm is passed 


* Brefeld, /oc. cé¢., pp. 104-116, t. viii., ix., figs. 1-16. 
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along to its growing end. Frequently two promycelial 
spores become united by a transverse bridge (conjugation) ; 
one of them then gives off a germ-tube, as in the case of 
single promycelial spores, only it is longer. 

U. grandis——In 1876, Kiihn* investigated the germina- 
tion of this species. He found that the promycelia, which 
are about from 50 to 6ou long, and from 5 to 8 wide, had 
a great tendency to fall off from the teleutospores before 
they produced promycelial spores, although this was not 
by any means always the case. Brefeldft found in nahrlé- 
sung that the promycelia were not only larger, but produced 
more and also larger promycelial spores. These sporidia 
not only reproduced themselves, but also grew into sporo- 
phores (Fruchitréger), which were indistinguishable from 
the ‘original promycelia, inasmuch as they were cylindrical 
septate tubes, which in their turn budded off spores. Thus 
colonies of yeast-cells do not occur in the life-cycle of 
U. grandis any more than they do in that of U. longéssima. 
With U. grandis the promycelium produces spores which 
grow out into sporophores, and they in their turn produce 
spores again. These sporophores are multicellular. 

U. bromivora, Tul.{—In water each spore produces a 
small promycelium through a minute opening in the 
epispore, very much after the manner of U. longissima. 
This bears terminally a spore which soon falls away. 
Between the fallen-off spores conjugations are frequently 
to be seen ; sometimes they become uniseptate and buckle- 
jointed. In nahrlésung the typical germination takes place 
in the production of single promycelial spores from a short 
promycelium. These spores increase in size and become 
uniseptate, or, as Brefeld terms them,§ bicellular sporo- 


* Kiihn in Rabenhorst ‘‘ Fungi Europei,” cent. xxiii. No. 2299, fig. 
+ Brefeld, Zoc. cit., pp. 116~123, t. ix. figs. 17-26. 

t Cf Kiihn, ‘‘ Vortrages iiber Getreidebrand.” 1874. 

§ Brefeld, Joc. cé#., pp. 123-129, t. x. figs. 2-8. 
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phores. There is no observable difference between the 
sporophores produced from the teleutospore and those pro- 
duced from a promycelial spore. These developments go 
on until the nahrlésung becomes exhausted, when the pro- 
mycelial spores and sporophores alike give off mycelium- 
like tubes and fuse in various ways. In other -words, 
U. bromivora is characterized by its promycelial spores 
growing into bicellular sporophores, which sprout directly 
into new promycelial spores. True yeast-cell colonies do 


not occur. 

In the teleutospores of this species which Mr. Soppitt 
sent me I found that promycelia were freely produced in 
water, and that they developed elongate, elliptical promy- 
celial spores (10—-I12 X 3—4y), which tended to become 
vacuolate after they had fallen off, and afterwards emitted 
pointed germ-tubes. I found that teleutospores gathered 
in June germinated freely in September. 

U. olivacea (D.C.)—The teleutospores germinate,* after 
a few hours in water, very much like those of U. Jongzssima. 
The promycelium is, however, so curtailed as practically 
not to exist, and the promycelial spores are really produced 
at once out of the teleutospores without any promycelium, 
These promycelial spores are variable in size; each is sub- 
fusiform, and measures from 5 to 20ou in length, and from 
2 to 3u in breadth. In nahrlésung they form yeast- 
colonies. 

U. major, Schréter—I gathered some specimens of this 
fungus near Paris in the middle of October, 1887. The 
spores germinated very readily when placed in water. In 
twenty-four hours they had developed cylindrico-fusiform 
promycelia (10—12 X 2), which fell off from the teleuto- 
spores (Plate VII. Figs. 19—22) much after the manner 
of U. longisstma. In forty hours these had attained a 

* Brefeld, Joc. cit., pp. 129-133, t. x. figs. 9-26, 
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size of I5—18 X 3°5—4'5u. They formed an opalescent 
cloud at the bottom of the culture-drop. Each promy- 
celium was cylindrical in form, vacuolate, and eventually 
became triseptate, and produced promycelial spores both 
laterally and also at either end (Plate VII. Figs. 22, 24, 25). 
The latter were elliptical in form, and measured from 
3 to 4u in length by 2u in width. Many of the promycelia 
were observed to be slightly curved. 

U. utriculosa (Nees).—The teleutospores of this species 
are by no means easy to germinate, and although I have 
made a great many attempts to do so, I have always 
failed. Schréter* states that they emit a cylindrical promy- 
celium, which becomes triseptate, and produces elliptical 
promycelial spores in pairs, which conjugate in couples, 

Sphacelotheca—The spores do not germinate at all 
readily, and I have been unsuccessful in observing the 
process. Schréter ft states that the teleutospores emit a 
cylindrical promycelium, which becomes triseptate, an 1 
bears elliptical promycelial spores laterally, and that these 
conjugate in pairs at their bases. 

Sorosporium.—W oronin § succeeded in getting the spores 
of S. saponarig, Rud. on Lychnis dioica and Saponaria 
offictnalis to emit a germ-tube, but no spore-formation was 

* Schroter, Cohn’s ‘* Krypt. Flora von Schlesien,” vol. iii. Pp. 273. 

t Loc. cit., p. 275. 

} The two following species of Ustilago can in no sense be regarded as 
being British, yet they occur in this country sufficiently commonly to render 
them objects of interest. 

U’, ficuum, Richdt., is often met with on the cheaper kinds of figs, known 
in the trade as “‘natural figs.” The spores are formed in the interior of the 
fruit, and are black or dark violet, smooth, globose, from 6 to 8u across. I 
found no germination took place below 10° C., but between 10° and 13° C., 
when placed in water, they emitted promycelia 20—150 x 4—5w, but I was 
unable to observe any further development. 

U. phenicis, Corda, is a. closely allied species, which is frequently to be 
met with on cheap dates. The spores are globose, smooth, dark violet, 


from 4 to 5u in diameter. 
§ Woronin, Joc. ctt., pp. 18, 19, t. lii. figs. 13-18. 
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observed. The spores collected in June germinated in 
December, after being placed in water from three to five 
days. 

Thecaphora—The germination of 7. hyalina has been 
investigated by Woronin.* He found that spores collected 
in August germinated in October and November, after 

~fourteen to eighteen days’ maceration in water, but older 
spores did not germinate at all. Each spore is provided 
with a germ-pore in the epispore, which is pale in colour 
and free from any of the verrucosities which occur upon 
the other parts of the epispore. Every germ-tube becomes 
filled with protoplasm, and generally contains four nuclei. 
It becomes septate, and each compartment contains one 
of the nuclei. From each segment of the promycclium 
narrower lateral branches are given off. Those from the 
upper compartments tend to grow downwards, while those 
from the lower, on the contrary, grow upwards. If one 
of the upper branches comes in contact with one of the 
lower, they unite at their ends and form a bow-like conju- 
gation. From this a long germ-tube is given off, into the 
end of which the protoplasm is passed. No spore-formation 
was observed. 

I have made many attempts, but have always been 
unsuccessful in getting the teleutospores of this species to 
germinate. 

Brefeld,f in an allied species (7. /athyrz, Kiihn), found 
promycelia, at the end of which spherical promycelial spores 
were formed. These promycelial spores in nahrlésung 
germinated and produced a mycelial mass, which in turn 
also produced spores upon those of its branches which 
came in contact with the air. 

Tilletia—The germination of Z7lletta triticd has been 


* Woronin, Joc. cét., pp. 21, 22, t. iii. figs. 19-28. 
+ Brefeld, /oc. cit. pp. 134-138, t. xi. figs. 2-12. 
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known since 1807, when Prevost* figured not only the 
promycelium, but the primary and secondary promycelial 
spores. Mr, Berkeley,f in 1847, discovered the conjugation 
of the primary spores, which was again more fully investi- 
gated by Tulasne.{ Kiihn§ gives a full account of the 
process. Since then nothing has been added to our know- 
ledge of the subject, till Wolff || showed the method by 
which the germ-tube enters the host-plant, and Brefeld J 
investigated the further development of the spores in 
nahrlésung. 

The spores do not germinate until they have been 
placed in water for some considerable time, not before 
forty-eight or fifty hours ; but often I have found them to 
take a much longer period. They retain their germinative 
power for two or three years, and one author says as long 
as eight and a half years.** The process differs materially 
from that previously described in the other genera. The 
promycelial tube is emitted from a small germ-pore, but 
very soon, as the tube increases in diameter, it causes the 
epispore to split. Its length varies according to circum- 
stances, its diameter being about 8u. If it be given out 
from a spore under water, at the bottom of the culture-drop, 
it grows upwards until its apex reaches the air. As soon 
as the promycelium has reached the air several tubercula- 
tions appear upon its‘ssummit. The protoplasmic contents 
of the spore are passed along the promycelium to its 
extremity. If the promycelium happen to be a very long 
one, then numerous septa occur from below upwards ; but, 


* Prevost, ‘* Mémoire sur la cause immédiate de la Carie.” 1807. 

+ Berkeley, ‘‘ Propag. of Bunt,” Zrans. Koy. Hort. Soc. (1847), *vol. ii. 
p. 113. 

t Tulasne, “1° Mém. sur les Ured. et les Ustilag.” 1854. 

§ Kiihn, ‘‘ Krank. der Kulturgew.” 1859. 

\| Wolff, ‘Der Brand des Getreides.” 1874. 

 Brefeld, Joc. cit., pp. 146-163, t. xii., xiii. figs. 25- oe 

** Liebenburg, Joc. cit. 
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however short it may be, there is always one septum 
developed near its upper end. The tubercles above men- 
tioned increase rapidly in length, and become the primary 
spores (Plate VI. Fig. 7). They are filiform bodies, curved 
in various ways, and measure from 80 to 100 in length ; in 
number they vary from four to twelve or more, according 
to the size of the spores from which they are developed. 
When all the protoplasm from the promycelium has been 
absorbed into these primary 
spores, they become cut off from 
it by septa at their attached 
ends. If the promycelium be 
so situated that it cannot reach 
the air, no primary spores are 
produced. Shortly after their 
maturity these primary spores 
conjugate (Plate VI. Fig. 8), or 
become united by transverse 
bridges, usually in pairs. The 

primary spore is possibly a 
Fig. 7.—Germinating teleutospore of 


Tilletia tritici, producing a cluster of wind-carried spore, but, as in 
primary promycelial spores, A conjugated 


pair of promycelial spores producing two artificial cultures they are not 
secondary spores—an unusual circumstance é 
(ss). A secondary promycelial spore which E€Xposed to this force, they fre- 
has produced a tertiary (s#). (Tulasne.) , fe ‘ 3 
quently germinate zz sztu. This 
they do by a repetition of the oft-described process of 
protoplasmic migration, with septation of the emptied 
parts ; the protrusion of a bud-like process into which the 
protoplasm is emptied, and which becomes a secondary 
spore. The end of the promycelium, after the primary 
spores’ have fallen off, remains tuberculated, showing the 
points of their attachment. The conjugation of two 
primary spores cannot be considered a sexual act, in- 
asmuch as the single spores, which have not been sub- 


jected to it in any way, germinate as freely, and produce 
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secondary spores as effectually, as when two or three have 
become connected, the only difference being that with 
fused or conjugated spores larger germ-tubes and larger 
secondary spores are produced. The secondary spores 
(Plate VI. Figs. 9, 10) are at first cylindrical, but they soon 
become reniform, and at length, by the attenuation of their 
ends, more or less crescent-shaped. They may be pro- 
duced from any part of the primary spores, even from the 
connecting bridge, and at almost any distance; very 
seldom is more than one produced from each fused pair of 
primary spores. Three or more primary spores have been 
seen connected,* and double fusion between two has been 
also observed.f Not only do the primary produce second- 
ary spores, but they may emit a pointed germ-tube, for 
direct penetration of the host-plant. In like manner, 
between the secondary spores all sorts of connections and 
conjugations or fusions occur, with the same emptying of 
the contents from. one spore into the other (Figs. 11, 12). 
The secondary spores are, however, essentially the spores 
the germ-tubes of which enter the host-plant. 


In nahrldsung, according to Brefeld, the primary and 
ae are larger, and are produced in greater 


abundance. No conjugations or fusions occur, except 
when it becomes exhausted. The primary spores, how- 
ever, comport themselves very differently in néhrlosung ; 
they send out germ-tubes which are narrower than those 
given off by them: in water. These tubes are unseptate, 
but branch and inosculate with each other so as to form 
a mycelium (Plate VI. Fig. 14), which, as it grows out 
into the air; forms a white floccose mass. For five or 
six days no secondary spores are found in well-nourished 
mycelia, whereas spore-formation occurs soon in badly 
‘nourished ones. The spores are produced only on those 


* Brefeld, /oc. cit., t. xiii. fig. 39. t Ibid., fig. 38. 
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branches of the mycelium which are given off into tl 
air. Upon these numerous short, lateral branches are giv: 
off, which swell up at the ends and become crescent 
spores (Fig. 15). No conjugation takes place betwe« 
these bodies. The branches of the mycelium which a 
given off in the fluid do not produce spores, but gro 
outwards until at length they reach the air, when the 
produce terminal spores or they remain sterile. In tl 
latter case the hyphe are empty and septate. Brefe 
has further observed that by long-continued culture tt 
hyphe, under certain circun 
stances, become nodose, and a 
parently develop certain globo: 
bodies which closely resemble tk 
original teleutospore.* 

Entyloma—tThe germinatio 
of Entyloma, though similar t 
that of Tilletia, is far less con 
plex. 

E. microsporum—De Bary 
found that if the spores wer 
wholly immersed in water, they 
in the course of twenty-four hour. 
would give out a germ-tube fror 

Fig. 8.—Entyloma microsporum, four to ten times the length c 
a, Teleutospore germinating (the 


promycelial spores have conjugated the spore, At its rounded sum 
at their upper ends); 4, two secondary 


spores produced from the conjugated mit this promycelium gave o 
pairs of primary promycelial spores ; 


é, teleutospore of L, wie, which Six Or seven branches, each c 

ee preaveas oe rome Spores, 

our Of whic. ave conjugate elow. 1 1 . 

(eRe jug which was dilated upwards; an 
when they attained a lengt 

measuring 30 or 40u, each became cut off by a basz 


septum. They conjugate in pairs, by a transverse bridg: 


* Brefeld, doc. cét., t, xiii. figs. 46-52, 
t De Bary, Bot. Zeitung (1874), pp. 81-92, 97-108, t. ii, 
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either at their lower or upper ends; after which one of 
the branches grows onwards in its original direction, and 
at its end develops a long, fusiform, secondary spore (Fig. 
8). This falls off, and in its turn germinates by the pro- 
trusion of a long, very narrow germ-tube. If the number 
of the primary branches be odd, the odd one does not con- 
jugate, but grows more slowly, and ultimately shows no 
further change. Various deviations from the typical ger- 
mination take place; thus the promycelium itself can grow 
into a germ-tube, or the primary whorl of branches may 
send a-branch downwards. In £. calendule the process is 
similar. 

E. vanunculiiiIn this species Brefeld* found that 
conidia were produced upon the host-plant, and that in the 
interior of the leaves a richly developed mycelium existed, 
sending up conidiophores through the stomata. The fresh 
conidia in naéhrldsung produced a mycelium less extended, 
but little different from that produced by the spores of 
Tilletia under similar conditions. This very soon becomes 
covered with conidia, which in their turn produce mycelia 
and conidia again. Marshall Wardf found that the 
conidia which are produced in spring are clavate or 
elongate-oval in form ; that they germinate in from twenty- 
four to thirty hours by emitting a delicate germ-tube from 
both extremities, one of which grows, the other becoming 
empty of protoplasm and septate. The growing germ-tube 
generally becomes swollen into a secondary conidium when 
the culture is madé in water. From this secondary coni- 
dium a branched germ-tube is emitted. If the conidia 
germinate on a leaf, the formation of the secondary 
conidia is rare. The germ-tubes enter the stomata, and 


* Brefeld, Joc. c2t., pp. 163, 164. 
{+ Marshall Ward, Phil. Trans. of the Roy. Soc., vol, 178 (1887), B., 
pp. 173-185, plates 10-13. 
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the conidia reproduce themselves in from fifteen to.twen 
days. The teleutospores. are developed in spherical dil 
tations, in the continuity of the mycelial tubes, rare 
at the ends of branches. Conjugation between: conid 
sometimes takes place. The conidiophores emerge eith 
through the: stomata or between the epidermal cel: 
The conidia germinate more rapidly and throw out larg: 
germ-tubes when this process takes place on the livir 
leaves of the host-plant than when it does so in wate 
This may be in part due to: the more abundant supply « 
oxygen which they would receive in the former situation. 

E. canescens —Schroter * finds the spores germinate : 
soon as they are ripe by protruding a germ-tube, from 2 
to 30u long, and 4 wide, on the end of which a tuft « 
cylindrico-fusiform spores are produced. They measur 
from 25 to 40u in length, and from 2's to 3 in thickness. 

Doassansia.—The germination of this genus is ident 
cal with that of its ally, Entyloma, consisting in the prc 
trusion of a promycelium of limited growth, which develor 
apically a tuft of promycelial spores.t In D. alismat?s th 
promycelial spores are long and cylindrical, and they ar 
produced in great numbers (Plate VIII. Fig. 5). 

The process is also similar in D. sagiltart@, as observe 
by Fisch,} who observed conjugation to take place betwee 
the fallen-off promycelial spores. He found that the germ 
tubes of these spores entered the sides of the cells of th 
host-plant, having insinuated themselves between th 
epidermal cells. The teleutospores of D. alismatis germ: 
nated as soon as they were ripe, but those of D. sagittart 
did not do so until the ensuing spring. 


* Schroter, “Cohn Beitrage,” vol. ii, (1877), p. 372. 

t Commu, Ann. des Sctenc. Nat. Bot., 6° sér., tome xv. p. 281. 

} Fisch, ‘‘ Entwickelungsgeschichte von Doassansia Sagittariae,” Berich 
der deutschen botan. Gesellschaft,” September, 1882, bd. ii. t. x. 
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Urocystis—The germination of Urocystis was first 
observed by Kiihn in U.,-occulta,* and is also described 
by Wolff.t U. colchicd was studied by Winter ;t U. ane- 
mones, by Von Waldheim ;§ U. vole, by Prillieux ; || and 
U. primulicola, by Pirotta.1 

The process consists in the protrusion of a promycelium 
from the inner coloured ‘spores (the paler peripheral pseudo- 
spores do not germinate), into which the protoplasm passes 
to the upper end, where it gives rise to a variable number 
of primary spores. If the promycelium be produced under 
water, no spore-formation occurs until its point comes into 
the air. The primary spores fall off, and occasionally con- 
jugate in various ways, but not so constantly as in Tilletia ; 
they also frequently germinate whilst attached to the pro- 
mycelium. 

U. gcculta—The central, dark-coloured spores (as first 
described by Kiihn **) emit a promycelium, at the apex of 
which from two to six primary spores are borne. These 
sometimes conjugate by a transverse bridge at their upper 
ends, and often germinate—as Wolff has more recently 
shown—while still attached to the promycelium, from their 
-lower, ends, sending out a long, narrow germ-tube, which 
receives the protoplasm from the interior of the spore, so 
that the upper part of the spore is first emptied of its 
contents.ft 

U. fischert—The spores of this species, which Mr. Soppitt 
was kind enough to send me, germinated only after a con- 


* Kiihn, doc. cit., pp. 78-80, t. ii. figs. 13-34. 

+ Wolff, ‘“‘ Der Brand des Getreides,” pp. 16, 17, t. ii. figs. I-10. 

t Winter, ‘“ Ustilagineen Flora” (1876), Nos. 10, 11. 

§ F. von. Waldheim, Joc. cét., t. vi. figs. 38-43. 

|| Prillieux, Azz. des Scienc. Nat. Bot, 6° sér., tome x. (1880), p. 49, t. i. 

{ Pirotta, ‘*R. Nuovo Giornale Bot. Ital.,” vol. xiii, 12 Luglio (1881), 
No. 3. 

** Kiihn, loc. cét., t. ii, fig. 202. 

tt Wolff, Zoc. ciz., t. ii. B. figs. 7, 8. 
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siderable period of soaking in water. The germ-tube we 
larger than in any of the other species of Urocystis tt 
germination of which I have watched; the promyceli 
spores were also not only larger, but more numerous. 
counted as many as eight on some of the promycelia (Pla' 
VII. Figs. 34, 35). 

U. anemones——Von Waldheim * points out that unle: 
the promycelium grows in the air no spore-formatic 
takes place. At its end it divides into three or for 
branches, which become spores. They are elongated, ova 
and generally wider at their upper end. In length, the 
measure from 10 to 14"; and in breadth, from 3 to 3°5, 
They become vacuolate, and enlarge in size till they ofte 
measure 22 by 4u. After several hours’ (forty-eight an 
more) immersion in water, in November and December, 
found the teleutospores germinated. The promycelial spore 
were of the same size and form as described by Von Walc 
heim (Plate VII. Fig. 31); I also observed they becam 
vacuolate when old (Figs, 32, 33). The promycelial spore 
were applied to the foliage of Ranunculus repens, in tw 
experimental cultures, on December 12, 1884. No chang 
was observed in the plants until February, when it wa 
noted that they showed signs of the formation of spore 
beds. On February 11 in ome experiment, and on th 
22nd in the second, spores were developed. This is on 
of the few species in which mycelium is localized, and th 
infection of the host-plant occurs at the same place < 
which the teleutospores are subsequently formed. 

U. viole—The spore-balls generally produce only on 
promycelium, which bears at the end a cluster of five c 
six fusiform spores. If the promycelium remain shor 
spores are produced ; but if it grow to any great lengtl 
either no spores at all are formed or only small ones. C 

* Waldheim, /oc. cit. 
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the six spores generally only three germinate, and pro- 
duce at their distal extremities secondary spores similar in 
size and shape to themselves.* 

U. primulicola, Magnus.—Pirotta {| found that the fresh 
ripe spores germinated in water in about ten hours, by 
emitting a short cylindrical promycelium, which at its 
extremity gave off three or four branches that became 
spores, measuring from 9 to 18 in length, and from 4 
to gu in width. These, while still attached, produced 
secondary spores from their ends. The secondary spores 
germinated by the protrusion of a germ-tube (about 3u 
wide, and from 10 to 20 times as long as the spore), into 
which the protoplasm migrated. Lateral conjugation was 
occasionally observed. 

This species occurred in 1884, in Rev. C. Wolley Dod’s 
garden, on P. farinosa. In August of that year I received 
some specimens from Mr. Dod. The spores germinated 
readily in water, and emitted short promycelia, which bore 
a cluster of promycelial spores as figured by Pirotta. I 
found that no spore-formation took place unless the end of 
the promycelium grew in the air. If a spore germinated 
at the bottom of a drop of water, the promycelium grew 
upwards through the water until it reached the air. In 
these cases the lower part of the promycelium became 
emptied of its protoplasm and septate, just as one sees in 
Tilletia (Plate VII. Fig. 26, 27). The promycelial spores 
varied from 12 to 20u in length, and were 4 or 5m in width 
(Figs. 28, 29, 30). After keeping the promycelial spores 
in nahrlésung for two hundred and sixty-four hours, no 
further spore-formation was observed; but they became 
septate and nucleate (Fig. 29). 

Melanotenium—The mycelium is principally inter- 


* Prillieux, Zoc. cit, 
+ Pirotta, ‘*Nuovo Giornale Bot. Ital.,” vol. xii. (1881), pp. 235-239, t. vi. 
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cellular, and pervades all parts of the affected plant 
especially the cortical parts of the stem, and also to sor 
extent the pith. It also occurs in the upper part of tk 
root-stock. It is hyaline, about 4°5u wide, richly branche: 
and septate. Its contents are colourless and vacuolate: 
The spores are formed inside the mycelial hyphe, whe: 
it becomes coarsely granular, much after the manner « 
Entyloma.* Woronint finds that the mycelium is abu 
dantly provided with very marked haustoria, which ente 
the cells. These botryform prolongations enter and occup 
a third or a half of their interior. Germination takes plac 
in autumn. Specimens gathered in June germinated i 
October and November. The epispore splits, and th 
endospore grows out as a blunt cylindrical promyceliun 
At its extremity it emits a cluster of from four to seve 
apical branches. The outgrowth of the endospore is < 
first often in the form of two equal branches, one 
which develops into the promycelium, while the othe 
ceases to grow and has become emptied of its protoplasn 
which passes into the developed branch. Towards th 
upper half of the promycelium a septum appears, cuttin 
off the protoplasm above from the empty tube below; bt 
true spore-formation was not observed. 

Tubercinia—The germination of the spores of 7. trée 
talzs has been worked out by Woronin.t Teleutospore 
collected at the end of September and the beginning 
October were found often to have already germinated upo 
the plant. Placed in a damp atmosphere, they germinate 
freely after the manner of Tilletia, each spore producing 
promycelium surmounted by a cluster of spores. All th 
teleutospores of one spore-ball do not germinate at th 


* De Bary, loc. czz. 

t Woronin, /oc. cit., pp. 27, 28, t. iv. figs. 27-35. 

$ Woronin, ‘‘ De Bary und Woronin Beitrage,” 5 reihe (1882), pp. 4-1 
t. i, ii, iii, figs, I-12. 
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same time. The promycelium emerges through a small 
~ round opening in the epispore, its length corresponding to 
the size of the spore. On the upper, free, blunt end of 
the promycelium from four to eight protuberances appear, 
which elongate themselves into branches and become the 
cylindrico-fusiform promycelial spores. After all the pro- 
toplasm from the interior of the teleutospores has been 
passed into the upper end of the promycelium and into the 
developing promycelial spores, a septum is formed close to 
its upper end. If the promycelium happen to be a very 
Jong one, two or more septa occur. The promycelial 
spores, while still attached to the promycelium, become 
united in pairs by a bridge-like connection. This conjuga~- 
tion takes place at the bases of the promycelial spores, 
and but rarely at their summits. One of the conjugated 
spores then buds out a secondary spore, which in its turn 
sometimes produces a tertiary ; sometimes all these may 
be observed in achain. If there be an odd spore on the 
promycelium which has not conjugated, it does not bud. 
Conzdia.*—These are produced from a mycelial mesh 
that exists for the most part just beneath the epidermal 
structures, and is provided with very numerous botry- 
form haustorie (Plate VI. Fig. 1). The conidiophores 
emerge through the stomata, or between the epidermal 
cells (Plate VIII. Fig. 1). The conidia are borne almost 
horizontally; they are from 11 to 15m long, and consist of 
subpyriform cells attached by their larger end. A thin 
hyaline membrane encloses the granular protoplasm, in 
which a small vacuole may be observed. When placed in 
a damp atmosphere the vacuole enlarges and a germ-tube 
is produced, generally from the larger end of the conidium ; 
into this germ-tube the protoplasmic contents of the coni- 
dium are received and passed onwards as it elongates 


* Woronin, oc. cit. 
H 
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(Plate VIII. Fig. 2). If the conidium germinate upon a 
leaf, the germ-tube squeezes its point between the two 
epidermal .cells (Fig. 3), and soon produces in the leaf 
a mycelium with haustoria. In from twelve to twenty 
days after infection this mycelium produces the black 
teleutospores, but not the conidia. 

The life-history of this species is peculiar: the teleuto- 
spores germinating in autumn produce promycelial spores, 
which, entering the young subterranean shoots of the host- 
plant, develop a mycelium, which remains quiescent during 
the winter, and in the spring produces, first the conidia on 
the leaves, and afterwards teleutospores mostly in the stem. 

The entrance of the germ-tube in this species is (as 
already stated above) between the epidermal cells. It 
grows downwards in the partition wall, splitting it into 
two lamine, and so makes its way through the epidermis. 
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CHAPTER XI. 
INFECTION OF THE HOST-PLANTS BY THE USTILAGINE&. 


THE manner in which the Ustilagineze gain admission into 
their respective host-plants has been studied very carefully 
by many botanists, but is not yet fully understood. With 
those species which affect the flowering parts of annual 
graminaceous plants, such as 77/etia tviticd and U. segetum 
on wheat, it is noteworthy that not only are all the blossoms 
or fruits upon an ear affected, but also all the ears which 
arise from one plant. It is very exceptional ever to find one 
sound ear upon a plant of which the others are diseased ; in 
like manner, it is very unusual to find a sound kernel upon 
an ear in which the other kernels are affected. Coupled with 
the fact that in diseased plants the mycelium of the fungus 
can be found in all parts of the axis, it is obvious that the 
parasite gained admission into the plant at an early stage 
of its growth. Kiihn * specially investigated this point with 
T. tritic¢, and found, in very young wheat seedlings, that the 
mycelium was present in them. Hoffmannt came to the 
conclusion that the spores entered between the split in the 
young sheath and the rootlet. He also figures the spores 
. forming a mycelium which enters the stomata of the young 


* Kiihn, oc. cit., pp. 48, 49. 
t Hoffman, ‘ Flugbrand,” pp. 202-206, t. xiv. figs. 14-18. 
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plant, but this is probably incorrect. To Wolff,* however, 
we owe the first accurate explanation of this process. He 
investigated it with U. segetum and maydis, Urocystis occulta 
and 7. tritic?. The outcome of his observations is that 
the germ-tube of the promycelial spores of the species is 
capable of piercing the embryonic plant at any time before 
the primary enveloping sheath of the young plant is 
ruptured. The germ-tubes of 7. ¢vztzc2 squeeze their points 
through the epidermal cells of the young plant, at first 
piercing through the outer epidermis of the primary sheath ; 
they then grow through the cells of the sheath itself, then 
through the inner epidermal cells of the sheath, across the 
interspace to the outer epidermal cells of the embryo, and 
so into the embryo itself (Plate VI. Fig. 2). With certain 
species the entering germ-tube acquires for itself an invest- 
ing sheath from the cells through which it passes (Plate VI. 
Fig. 3)—a sort of invagination of the outer wall of the outer 
epidermal cell, which is continued over the young mycelium 
as it grows through one cell after another. With Uvocystds 
occulta the investing sheath exists only where the mycelium 
passes through the first epidermal cell. Kiihnf subse- 
quently repeated and confirmed Wolff's observations as far 
as they went, but he also found that the germ-tubes could 
enter, not only through the primary sheath-leaf, but also 
into the true root-node at the base of the sheath, and, in 
point of fact, into almost any part of the embryo. While it 
has long been known that, by merely dusting wheat with 
the teleutospores of 7. ¢r¢tzcz and planting it, it became 
affected with bunt, yet with U. segetum such dusting rarely, 
if ever, succeeds in producing the disease. Hoffmann was 
able to produce only a few smutted plants in many hundred 


* Wolf, ‘‘ Roggenstengelbrand,” ot. Zeitung (1873), t. viii; “ Der 
Brand des Getreides” (1874), pp. 18-24, t. iii., iv. 

+ Kiihn, Bot, Zeitung (1874), pp. 121-124; Fahlingsladw, Zeitunz (1879) 
p. 84. 
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experiments in which he applied the teleutospores to the 
young plant. F. von Waldheim was equally unsuccessful. 
Kiihn asserts that he found that, if too many germ-tubes 
entered an embryo plant, they developed into spore-forming 
‘hyphze and formed a “ brand-knot” in the sheath-node, and 
killed the young plant. All the experiments which I have 
conducted with a view of infecting the young plants of 
wheat, barley, and oats with UW. segetum have uniformly 
failed. I have attempted the infection in various ways: 
dusted the spores on the dry grain and planted it; soaked 
the grain in water, and then dusted it with the dry spores ; 
planted the grain in flower-pots, and dusted the spores 
thickly on the surface of the soil; the grain allowed to 
germinate, and applied the dry spores to the embryos just 
as they emerged from the seed-corn ; placed the teleuto- 
spores of U. segetum in water for twelve hours, and, when 
an abundant development of promycelial spores had taken 
place, applied the spore-charged water to the emerging 
embryos ; germinated the teleutospores of U. segetum in 
nahrldsung and dipped the young embryos in it; watered 
the grain, after it was planted, and before it came up, with 
nahrlésung, containing spores, but the result was uniform 
failure. Wolff has stated that the infection will not be 
successful if the infected plants be kept too moist at first. 
This point was attended to, but the result was the same. 
Mr. A. S. Wilson, however, has been more successful, for 
he showed me some oat-plants which he had artificially 
infected by removing the glumelle and applying the 
spores to that part of the kernel from which the embryo 
emerges; but he also informed me that he had many 
failures, 

But more than this remains to be considered. 7. trétc¢ 
matures its teleutospores at the same time that the wheat- 
plant matures its fruit; but with U. segetum the case is 
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altogether different, for the smut is formed at the time, or 
soon after, the cereals are in blossom, and long before 
harvest it has been scattered by the winds, so that in the 
harvest field one never finds a smutted ear. We know, 
moreover, that when once the teleutospores fall on the 
ground, or in any way become damp, they forthwith ger- 
minate, and although they are capable of retaining their 
power of germination for some years, it is only when they 
are perfectly dry—a condition which never obtains with 
them in a state of nature. There must, therefore, be some 
means by which the interval is bridged over between the 
ripening of the teleutospores of WU. segetum, which takes 
place in early summer, and the time when the grain itself 
germinates, for this, under any circumstances, can only be 
one or two months later. This may be by a metcecism, 
but there is no proof whatever that any such occurs; or it 
may be by the continued reproduction of yeast-spores, as 
Brefeld suggests taking place in manure heaps. My own 
experiments, however, with nahrlésung containing U. Sege- 
zum spores have all been negative. 

There is a certain point in connection with the repro- 
duction of smut (U. segetum) wherein it differs essentially 
from bunt (7. ¢retzc¢); it is this—that however carefully 
wheat may be dressed with cupric sulphate, arsenic, 
brine, lime, etc., while such dressing almost absolutely 
protects the crop from bunt, yet it has no appreciable 
affect upon smut. This fact is obvious to any one residing 
in an agricultural district. The wheats are dressed for 
bunt on every well-managed farm, but they are as much 
affected with smut as the barley and oat crops, which 
latter, never being affected with bunt, are never subjected 
to protective dressing. 

In 1883, I made a series of experiments by applying the 
teleutospores of U. segetum to the wheat and oat plants 
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while they were in flower, but the plants were subsequently 
destroyed by an accident. 

Recently Mr. J. L. Jensen has published the results 
of his experiments and observations conducted on the ex- 
perimental farm of the Royal Agricultural School near 
Copenhagen. He believes the spores of U. segetum effect 
their entrance into the host-plant at the time it is flowering, 
and either infect the ovum or remain quiescent, enclosed 
within the grain until the ensuing spring, when they 
germinate when the grain does, and so cause its infection. 

He found that barley grown for twenty-five years con- 
secutively upon one experimental plot was not more affected 
with U. segetum than when grown in the ordinary rotation 
with other crops, which clearly shows the teleutospores do 
not remain effective in the soil. He further found that 
manuring with ‘farmyard manure does not produce moré 
U. segetum in the crop than occurred when artificial 
manures were employed. But he did find that seed 
obtained from a field in which the fungus had been 
abundant produced a more severely diseased crop than 
when the seed was taken from a healthy field ; but that, if 
the seed oats were dipped in water at a temperature of 57°C. 
(134° F.), and allowed to remain there for five minutes, the 
disease was prevented, and, moreover, the vitality of the 
seed was unimpaired.* 

With regard to 7iletia tritici, the important question 
of the protective dressing of the seed corn has long ago 
engaged the attention of agriculturists. Many have been 
employed, but that most generally used (and probably the 
best) is a ‘5 % solution of cupric sulphate in water. Alum, 
ferrous sulphate, and even sulphuric acid, unless used 
sufficiently concentrated to injure the seed corn, were 


* Some additional observations of Mr. Jensen on this subject, made during 
the year 1888, will be found under Usti/ago segetum, See Descriptions. 
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red by Wolff to be quite useless. With regard to 
perature, a series of experiments made by Schindler * 
vs that the teleutospores of TZ. ¢v7tic¢ will withstand a 
heat of 65° C. before altogether losing their power of 
iination ; but with moist heat they were sterilized 
reen 45° and 50°C. Cold, on the other hand, had little 
t upon them, even after exposure to —20° C. for a 
onged period. 

ichindler, ‘‘ Ueber den Einfluss verschiedenea Temperaturen auf die 


ahigkeit den Steinbrandsporen,” “ Forschungen auf Geb. der Agrikultur- 
:. bd, iii.” (1880), pp. 288-293. 
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CHAPTER XII. 


SPORE-CULTURE., 


THE microscopic examination of the Uredinee and Usti- 
laginee is a very simple matter. The acidia viewed as 
opaque objects with a low power are always very attractive 
objects. To examine the various spore-forms, all that is 
necessary is to remove a small quantity with the point of 
a penknife, place them in a drop of water on a glass slide, 
and, having covered them with a circle of thin glass, view 
the preparation as a transparent object with a quarter-inch 
objective. The various markings on the exterior of the 
zecidiospores and uredospores are more readily seen if they 
be examined dry. In order to obtain more accurate in- 
formation of the structure of the spore-beds, thin sections 
must be cut with a sharp knife, including both the spore- 
bed and a small portion of the host-plant. With a little 
patience, and by teazing out the cells of the host-plant, the 
mycelium can be observed. This is often rendered more 
conspicuous by the application of a drop of caustic potash. 

To observe the germination of the spores is not difficult, 
and can be accomplished without the aid of expensive or 
elaborate apparatus. All that is necessary is to place the 
spores in asufficiently humid atmosphere, or in a sufficiently 
moist place, This may be conveniently accomplished by 
placing a drop of pure water upon an ordinary glass slide, 
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and putting into this drop of water the spores whose 
germination it is desired to watch ; as, however, the spores 
do not germinate for several hours, the drop of water would 
evaporate, unless means be taken to prevent it, before the 
germination takes place. This is easily done by placing 
the glass slide under a bell-glass, inverted over a plate of 
water, so that it is kept continuously in a saturated atmo- 
sphere. Any suitable object will do to place the slide on; 
but the most convenient appliance will be found to be a 
simple stand or rack (Fig. 9), which can be constructed 
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Fig. 9.—Stand with slides for the culture of Uredine spores, placed on a plate of water, 
and covered by a bell-glass. 


in a few minutes out of two flat pieces of gutta-percha 
and four glass rods. The gutta-percha which is used 
for soling boots answers well enough. If two oblong 
pieces of equal size, say three and a half by four and a half 
inches (9 X 12 cm.), be taken, and a hole bored at each 
of the four corners, and through each pair of holes let 
a glass rod be passed, a very simple stand is made at the 
cost of a few pence. For the glass rods an old barometer 
tube, cut into suitable lengths with a file, does well enough. 
The great advantage of such a stand is, that when the 
slides are laid across the rods, they touch only at two 
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points, so that when placed under the microscope there 
is no necessity to wipe the lower side of the slide. Of 
course, the length and height of the stand must be propor- 
tionate to the size of the bell-glass. The best form of bell- 
glass is that known by gardeners as a propagating glass, 
which is rather flatter than the ordinary bell-glasses ; the 
advantage being that the slides are not too far above the 
surface of the water in the plate, so that the drops of water 
on them do not evaporate so rapidly. 

Supposing we wish to observe the germination of the 
ecidiospores of Puccinia graminis, having obtained a per- 
fectly fresh-gathered leaf of barberry with the AEcidium on 
it, we proceed as follows. The spores can either be brushed 
upon the slide with a camel-hair pencil, or what will often 
be found more convenient, the zcidium can be gently struck 
upon the dry slide, and a drop of water let. fall upon the 
tiny heap of golden spores that have been displaced. The 
ripe spores will most of them float on the top of the water 
and can be readily observed with a quarter-inch objective. 
The preparation must, of course, not be covered with a 
cover-glass, and it takes a little patience to examine these 
uncovered objects, because the front of the object-glass is 
apt to become'bedewed and misty. The only plan is to 
raise it by the coarse adjustment, wipe it dry, and try again. 

Germination will be well advanced in the course of 
ten or twelve hours, and the migration of the yellow 
endochrome along the germ-tube will by that time have 
taken place. This will be followed by their circumnutatory 
movements and ultimate branching. Earlier examination 
of the preparation will show the germ-tubes emerging from 
the germ-pores, It is useless to attempt to get zcidio- 
spores to germinate unless they are perfectly fresh and 
perfectly ripe. For instance, the spores dug out from the 
bottom of an zcidial cup with a needle will not germinate ; 
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nor will they if they have once become thoroughly dry. 
The same method is to be adopted with the uredospores, 
and the same precautions observed. With regard to the 
teleutospores, certain modifications of the above are neces- 
sary. If one of the Leptopucciniz is to be examined, all 
that is requisite is to cut up one of the sori and place the 
fragments in a drop of water, and in a few hours the pro- 
mycelia will be developed. Those species which have a 
prolonged period of rest in their life-history, it is, of course, 
useless to attempt to germinate except at the proper season 
of the year. Suppose it is desired to observe the germina- 
tion of P. graminis, in the autumn some specimens of mil- 
dewed straw must be procured, and preserved through the 
winter, I have always found the best plan is to tie them 
up in a bundle and keep them out-of-doors, so that they 
are exposed to the same vicissitudes of temperature and 
moisture as would happen to them in a state of nature ; 
for it is obvious that if they be kept throughout the 
winter indoors, they will not only be maintained at a 
higher temperature, but also will become more completely 
dried than is natural to them. Under such circumstances 
they neither germinate so freely nor so uniformly as they 
do when they have passed the winter in the open air. 
Specimens of P. graminis may be obtained on Triticum 
repens, in February or March, from the immediate vicinity 
of any barberry bush, and these will be found to germinate 
very readily. Having obtained the material, in March or 
April, however it may have been preserved, in order to get 
it to germinate all that is required is to place it in water. 
If some of the spore-beds be cut into pieces about one- 
eighth of an inch (2 or 3 mm.) across, and placed in water 
in a watch-glass, under the bell-glass, the process of germi- 
nation soon commences, perhaps in twelve hours, perhaps 
longer, according to the manner in which the material has 
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been preserved, and according to the temperature of the 
atmosphere at the time the experiment is made. I never 
remember having seen any teleutospore germinate if the 
temperature within the bell-glass was below 5° C. Germina- 
tion is very partial and very slow at 8° C., but at from 10° 
to 15° C. it is both vigorous and rapid. The germination 
can be recognized to have taken place, if it be at all free, by 
the naked eye; the clusters of spores will then be seen to be 
surrounded by an opalescent, hazy cloud, which, when 
placed under the microscope, will be found to consist of 
myriads of promycelia. A very convenient method of 
preserving material on grasses—such, for instance, as Uro- 
myces poe, which occurs on the leaves of the grass that in 
the ordinary course of events become disintegrated by 
decay during the winter—is to gather a small bundle of 
affected leaves, attached to the stems, place this bundle in 
a flower-pot just as if it were a living plant, to cover the 
flower-pot with a bell-glass, and keep it out-of-doors in a 
shady place all winter. There will be enough moisture in 
the atmosphere to prevent the material from being injured 
by desiccation, but not enough to allow the teleutospores 
to germinate until they are purposely placed in water. 
The bell-glass will protect the grass from injury by wind 
and weather; so that when spring comes you will have 
abundance of material ready to hand, in excellent condi- 
tion for germination, which you can induce at pleasure, by 
merely soaking it in water. The same method may be 
conveniently adopted with those species which occur on 
leaves, and in which the spores are lost by their decay in 
the ordinary course of events. The Melampsore on willow 
and poplar may thus be kept out-of-doors under a bell- 
glass with great facility. 

With those species which occur on leaves of plants 
which have a very perishable foliage, it is necessary to 
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collect specimens which are perfectly mature, if possible, 
upon leaves that are beginning to fade from age, and dry 
them in the ordinary way between blotting-paper. When 
the spring comes, the affected leaves must be soaked for 
twenty-four hours in water, and the spores examined to 
see if any attempt at germination is observable. If not, 
the soaked leaves may be wrapped in an old, well-washed 
piece of calico, and buried for a day or two in the ground ; 
after which treatment, a few spores must be tried in a drop 
of water on a glass slide. Should they fail to evince any 
signs of vitality, the leaves must again be buried for a day 
or two longer, and re-examined. 

The entrance of the germ-tube into the host-plant can 
be observed in various ways. The promycelial spores can 
be applied to the surface of a leaf, and sections made a few 
hours afterwards. This is, however, an exceedingly delicate 
process, and requires not only patience, but considerable 
manipulative skill. A piece of the epidermis may be 
stripped off and laid flat upon a moistened slide, and the 
spores placed on it ; if the preparation be kept in a moist 
atmosphere for a few hours, the germ-tubes can be seen 
boring through the cells. Another plan is to place a mass 
of teleutospores, which has first been seen by the micro- 
scope to be in active germination, on a leaf, and to keep it 
for a few hours under a bell-glass in a moist atmosphere. 
The teleutospore mass can be seen by the naked eye, and 
is a guide to the exact part of the leaf to be examined. 
By a little deft manceuvring, pieces of the epidermis at this 
spot can be ripped off with the point of a penknife, and 
examined either on their external or internal surfaces. By 
similar methods, the entrance of the uredospore and ecidio- 
spore germ-tubes can be observed, only, being larger and 
containing yellow endochrome, the process is less difficult. 
With most of the Ustilaginee, all that is necessary is to 
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place the spores in water, and they will germinate at once— 
for example, U. segetum, longissima, etc.; but some require 
a longer period of immersion, eg. T. ¢riticz, which will not 
germinate till after being several days in water. The 
germination of the Tilletia spores can also be conducted in 
a hanging-drop culture in the following manner :—A piece 
of glass tube, about half an inch (12 mm.) in diameter and 
about three-quarters of an iach (18 mm.) long, is cemented 
on an ordinary glass slide, so as to form a deep cell (Fig. 10). 


Fig. 10.—Deep cell for hanging-drop cultures, made by cementing a piece of glass or lead 
tube upon an ordinary glass slide. 


Into this is placed a small quantity of water. The drop 
containing the spores to be germinated is placed on the 
centre of a circular cover-glass, which will fit the top of the 
cell (Fig. 11). If the upper edge of the tube which forms 


Fig. 11.—Hanging-drop culture, seen in section. 


the cell be oiled, no air can get into the culture, and the 
germination can be watched for months, as the hanging- 
drop will not evaporate, because the water placed in the 
bottom of the cell keeps the atmosphere saturated, and 
any loss which it may sustain from evaporation is made 
up from the water at the bottom of the cell. 

There is no need to keep these sealed hanging-drop 
cultures in a moist atmosphere, because the necessary 
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moisture is contained in the cell itself; all that is require: 
is to place them under a bell-glass to keep them free fron 
dust. The disadvantage of this mode of culture is, tha 
all spores will not germinate normally unless they get ; 
supply of free air. To obviate this hindrance, the glas. 
cover may be fixed to the cell with three tiny fragments o 
wax. These cells may be readily constructed with leac 
tubing; an ordinary piece of gas-piping, cut into suit 
able lengths with a knife, and the ends smoothed on < 
whetstone, will answer all the requirements of the case. 
The germination of the spores in xa&hrlisung, however 
requires more care. The nahrlésung is prepared by boiling 
fresh horse-dung in pure water, and filtering first through 


Fig. 12.—One of Brefeld’s ‘‘ésmer” for nahrlésung cultures. It consists of a glass 
Haceralby seadige smatioters peoalctimeaciatoer aunearig ie Mikes ia uaee eee 
ends of the tube are closed with cotton wool. 
coarse filtering-paper, then through fine ; then boiling again 
for a short time in a flask, the mouth of which is closed, 
while the steam is issuing from it, by a firm plug of cotton 
wool. After three or four hours the flask is again boiled 
for a short time. To sterilize the fluid this boiling requires 
to be repeated several times, carefully closing the mouth ot 
the flask each time with a plug of cotton wool. The spores 
to be germinated are put in a small quantity of sterilized 
nahrlésung, and the process watched zz camerd. The little 
apparatus necessary consists of a glass tube about eight or 
ten inches long, open at both ends; in the middle of this 
tube a bulb has been blown, the sides of which have.been 
compressed laterally (Fig. 12), so that they are flat and 
parallel to each other. Before using, the apparatus (Aammer) 
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must be sterilized by heat; and after the nahrlésung has 
been introduced, the two ends of the tube are closed by 
cotton wool; this allows free access of air, but filters out 
any germs that may be floating in it. 

Or the culture may be made in a hanging-drop cell 
made of lead tubing, in the sides of which two holes have 
been cut (Fig. 13). I have found it most convenient to 


_ Fig. 13.—Hanging-drop culture cell, made of lead tubing, with two holes for the admis- 
sion of air; when in use with nahrlésung these openings are closed with cotton wool. 


wrap cotton wool round the cell, and to hold it in its place 
by a small elastic band. These cells require to be sterilized 
by washing with a weak solution of corrosive sublimate. 
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CHAPTER XIII. 
{ 
| 
THE ARTIFICIAL INFECTION OF PLANTS. 


IN order to ensure success in the artificial infection oi 
plants, attention to several little details is absolutely neces- 
sary. Of course, if you simply wish to produce 4ccdium 
urtice on a cluster of nettles, you may throw a handful o/ 
Carex hirta affected with Puccinia upon the ground where 
the nettles grow in autumn, and, trusting to chance, you 
will probably find them bearing the Aécidium the following 
spring. But such a procedure is open to many objections - 
the wind may blow away your Carex during the long 
winter and spring months either before the Puccinia has 
germinated or before.the nettles have appeared above 
ground. A still greater objection is, that even if a few 
clusters of zcidia happen to be produced on the nettles 
you have no proof that they arose from the Puccinia you 
threw down. Still more important is it to avoid this clumsy 
method of “laying on,” if you are investigating the life. 
history of any particular species of Uredine, for it ofter 
happens that more than one species attacks the same host- 
plant; P. magnusiana, trailii, and phragmitis, on the reed 
for instance. 

The first thing to be done is to provide suitable plant: 
for infection. These should, it is hardly necessary to state 
be healthy, and have had time to become established before 
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they are infected. It is a good plan to establish a number 
of plants, say half a dozen, in the autumn; they will then 
be ready for use in the following spring. It is often con- 
venient to infect every alternate plant, so that the remaining 
plants may be kept as control specimens. The reason for 
using established plants is that the young foliage is so 
much more easily infected by the Uredinee than the 
older ; in fact, it is by no means uncommon for an old leaf 
to die off before the Uredine has had time to complete its 
development. 

Let us suppose we wish to perform the classical in- 
fection of the barberry with P. graminis. In the autumn, 
six young barberries, small enough to be covered with a 
bell-glass, having been planted, as soon as their leaves are 
fully developed in the spring they may be infected in the 
following manner. A quantity of P. graménds having also 
been provided in the autumn and kept during the winter 
in the mode before explained, as soon as the barberry 
foliage is ready, test the germinative power of the P. gramznis 
by placing a few fragments in water in a watch-glass. If 
it germinate freely and produce a good crop of promycelial 
spores, as proved by microscopic examination, the contents 
of the watch-glass may be at once employed. It is best to 
do your infection experiments in the evening. Water one 
of the barberries freely through the rose of a watering-can 
and then cover it with a bell-glass ; then water the outside 
of the bell-glass. By so doing the temperature of the 
enclosed air is reduced, and the inside of the bell-glass as 
well as the leaves of the barberry become bedewed with 
condensed vapour. After leaving it a few minutes, remove 
the bell-glass, and apply the germinating spores with a 
camel-hair pencil. As the promycelial spores easily become 
diffused in the water in the watch-glass, by stirring it with 
the camel-hair pencil the water becomes equally charged 


116 British Uredinee and Ustilaginee. 


with them; then, by simply brushing the water on the 
leaves, you may be pretty sure of successfully infecting 
the plant. Replace the bell-glass, and give it another 
douching outside with the watering-can. If sufficient 
material has been prepared, each alternate barberry may 
be infected in the same manner. The bell-glass need 
not be kept over the infected plants more than two or 
three days. If the weather be very bright, the bell-glasses 
should be shaded by putting a piece of matting or carpet 
over them to prevent the foliage being scorched by the sun. 
In the course of eight or ten days the yellow spots on 
which the spermogonia are produced will appear, and in 
two or three weeks the perfect xcidiospores will be de- 
veloped. It will then be seen that only those barberries to 
which the spores: were applied have the zcidiospores on 
them, while the alternate plants remain free. If an attempt 
be made to infect a plant in the day-time, when the sun’s 
rays are full upon it, it will be found that the water all 
runs off the leaves ; but by operating in the evening in the 
manner directed, the leaves are bedewed with a thin layer 
of moisture, and no difficulty will be found in applying the 
spore-charged water. 

Should it be desired to perform the converse culture— 
the infection of wheat plants with the barberry zcidiospores 
—greater care is necessary to prevent the control plants from 
becoming infected, because the zcidiospores will not diffuse 
themselves in water, and are very readily carried away by 
currents of air. The simplest way is to plant some wheat 
in two flower-pots, and at once to place the pots on two 
plates of water and cover each with a bell-glass. As soon 
as the young wheat plants have made a green leaf, those in 
one of the flower-pots may be infected, using the same 
precautions as are given above. The acidiospores may be 
collected by brushing them into a watch-glass of water 
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with a dry camel-hair pencil, taking care to use only those 
which will readily brush off. The contents of the watch- 
glass may then be applied to the wheat plants. By this 
method the accidental infection of the control plants is 
avoided, because the bell-glass is never removed from 
them. 

Personally, I have found infection with promycelial 
spores more certain than with the zcidiospores, because 
we can see that they are actually germinating at the time 
they are used, while with the ecidiospores this cannot 
be done so certainly ; moreover, the zcidiospores being 
generally brought from a distance, they are apt to lose 
this germinative power, unless used immediately, from 
becoming too dry on the one hand, or on the other, if kept 
in too moist an atmosphere during their transit, from many 
of them having already germinated before they are em- 
ployed. It is only by attention to these minute details 
that we can ensure uniform success. 

The Gymnosporangia are very easy to cultivate. A 
few seedling hawthorns can be obtained anywhere, and it 
is necessary only to soak the Gymunosporangium clavarie- 
JSorme for twelve hours, when the golden promycelial spores 
will be visible to the naked eye. 

In producing R. cancellata on pear, it is necessary to 
infect two-year old plants, because if seedlings be infected 
the spermogonja alone will be produced, because seedling 
pears lose their foliage before the Reestelia has had time 
to develop ; with these plants it is essential to success 
that they should be thoroughly established before they are 
made the subiect of experiment. 

In working out the life-history of the allied species 
duplicated cultures are very valuable. Suppose we wish 
to produce the ecidia of P. magnusiana and P. phragmitis. 
Having provided the proper material and a number of 
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growing plants of Rumex obtusifoliius and Ranunculus 
repens, germinate a quantity of the P. maguusiana in a 
watch-glass, and then put half on a Rumex and the other 
half on a Ranunculus ; in a week or ten days we shall find 
the Ranunculus affected and the Rumex free. Care, of 
course, must be taken that there is no mixture of teleuto- 
spores in the watch-glass. In like manner the P. phrag- 
mitis may, on a subsequent occasion, be applied to the 
other two plants, when we shall find the Rumex become 
affected and the Ranunculus will remain free. 

The main points to be attended to in order to ensure 
success in performing these cultures are, first and foremost, 
to have ocular demonstration that your infecting material 
is actually germinating at the time you use it; and, secondly, 
to infect the young growing foliage of established plants. 


DESCRIPTIONS OF THE BRITISH 
UREDINE#. 


UREDINEA. Tulasne. 
MYcELIuM parasitic in living plants. Spores formed from the 
ends of erect, crowded hyphe, usually of more than one-kind. 
Teleutospores germinating by a short promycelium. 


VROMYCES. Link. 


Teleutospores separate, unicellular, pedicellate, produced in 
flat sori (spore-beds), apex perforated by a single germ-pore. 


I, EUUROMYCES. Schroter. 


Having spermogonia, zcidiospores, uredospores, and teleutospores, the 
latter germinating only after a period of rest. 


A. AUTEUUROMYCES. 
Having all spore-forms on the same host-plant. 


Uromyces fabe. (Pers.) 

Acidiospores—Pseudoperidia generally crowded upon whitish 
spots, which are more or less circular, short, slightly pro- 
minent, flat, with torn white edges. Spores subglobose, 
orange-yellow, finely echinulate, 15-25 in diameter. 

Uredospores—Sori chestnut-brown, roundish, amphigenous, scat- 
tered, often confluent, soon naked. Spores subglobose or 
ovate, with three germ-pores, shortly echinulate, yellowish 
brown, 20-30 X 17-204. 

Teleutospores—Sori rounded .on the leaves, more abundant and 
elongate on the stems, persistent, black. Spores variable 
in form, ovate or broadly clavate, dark brown, smooth, apex 
much thickened (8-10), rounded or conical with one in- 
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fundibuliform germ-pore, 25-40 X 20-25. Pedicels long, 
persistent, pale brown. 


Synonyms. 

Uromyces orobi, Pers, Winter in Rabh., ‘‘Krypt. Flor.,” 2nd edit., 
vol. 1. p. 158, in part. 

Uromyces faba. Cooke, ‘‘ Grevillea,” vol. vii. p. 135. 

Uromyces appendiculata, Lév. Cooke, “ Hdbk.,” p. 518; 
‘Micro. Fungi,” 4th edit., p. 212. 

Credo faba, Pers. Romer, “New Mag.,” vol. i. p. 92. Grev., 
“Scot. Crypt. Flor.,” t. 95; ‘‘ Flor. Edin.,” p. 436, in part. 

Credo fusca. Purton, ‘‘ Mid]. Flor.,” vols. ii. and iii., No. 1130. 

Uredo leguminosarum, Link. Berk., “ Eng. Flor.,” p. 383. 

Oredo appendiculosa, Berk., ‘Eng. Flor.,” p. 383. 

Trichobasis faba, Lév. Cooke, “Micro. Fungi,” 4th edit., 
p. 225. 

Puccinia globosa. Grev., “ Flor. Edin.,” p. 368; ‘Scot. Crypt. 
Flor.,” t. 29. 

Puccinia faba, Link. Berk., “Eng. Flor.,” p. 434. Cooke, 
“ Hdbk.,” p. 508; “Micro. Fungi,” 4th edit., p. 211. 


Exsiceati. 
Cooke, i. 71; ii. 52. Vize, ‘Micro. Fungi,” 44; “Micro. 
Fungi Brit.,” 63, 223. 


On Faba vulgaris, Vicia cracca, sepium, sativa, Lathyrus pra- 
tensis, Pisum sativum. 

Ecidiospores, April and May; uredospores, May to July; 
teleutospores, July to November, and lasting through the winter 
on the dead stems. 


BioLocy.—There are several species of Uromyces parasitical 
upon the Leguminosz. By most botanists the above is considered 
identical with U7. ervz. As early in the year as February 8 (1884), I 
produced the 4-cidium upon a bean plant (VY. _faé@) from teleutospores 
on bean straw which had been grown for agricultural purposes. The 
latent period between placing the teleutospores on the host-plant and 
the appearance of the spermogonia was twenty-three days. The cul- 
ture was repeated on March 20 in two experiments, both of which 
were successful, the spermogonia in each case showing on April 16. 
In 1886, four cultures were made with U. evvi by placing the germi- 
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nating teleutospores on bean, pea (Pzsum sativum), and two vetch 
seedlings. Although the teleutospores were germinating very freely, 
yet they produced no result. In 1888 two further series of cultures 
were made with U. fade on bean, pea, Vic¢a sativa, cracca, Lathyrus 
pratensis, and Ervum hirsutum. No zcidiospores were produced 
except upon the bean and the pea. The ecidium on the bean occurs 
on white spots, which are thickened and very conspicuous. On pea 
the spots are pale dirty yellow, and the pseudoperidia few and scattered, 
while on bean they are numerous and crowded together. “There can’ 
be no doubt that U. fabe and ervi are biologically distinct, but the 
1888 cultures show that continued investigation will probably lead to 
further subdivision of the forms now grouped under U. fase. 

De Bary says that in some instances the same mycelium which 
produces the ecidia of U. fade gives rise to a few isolated uredo- 
spores. 

Uromyces orobi. (Pers.) 


cidiospores—Spots scattered or circinate. Pseudoperidia flat or 
slightly prominent, with torn whitish edges. Spores sub- 
globose or polygonal from mutual pressure, orange, echinulate, 
16-27 in diameter. 

Uredospores—Sori small, crowded or scattered, soon naked, elon- 
gated on the stems. Spores subglobose or ovate, echinulate, 
yellowish, 15-28 x 16-22h. 

Teleutospores—Sori roundish or elongate, very dark brown, at first 
covered with epidermis. Spores oblong or subpyriform, api- 
culate above, often obliquely, from a thickening of the 
epispore, dark brown, smooth, 25-40 xX 18-28. Pedicels 
very long, persistent, pale brown. 

Synonyms. 
Uromyces orobi (Pers.). Winter in Rabh., ‘ Krypt. Flor.,” 
vol. i. p. 158, in part. 
ciutium orobi, Pers. Romer, ‘“‘ New Mag.,” vol. i. p. 92. 
icidium orobi, D. C. Cooke, “ Hdbk.,” p. 542; “ Micro, 

Fungi,” 4th edit., p. 197. Berk., ‘‘ Eng. Flor.,” vol. v. p. 378. 

Pucinia fabe. Johnst., ‘ Flor. Berw.,” vol. ii, p. 197. 


Exxsiccats. 
Vize, “ Micro, Fungi Brit.,” p. 327. 


On Lathyrus macrorrhizus (Orobus tuberosus). 
July to October. 
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Uromyces phaseoli. (Pers.) 
cidtospores—On circular spots about 2 mm. across. Pseudoperidia 
cup shaped, crowded, with everted, whitish, deeply toothed 
edges. Spores polygonal, finely verrucose, colourless, 20-25 X 
16—18p. 

Uredospores—Sori_ scattered, pale cinnamon brown. Spores 
rounded or shortly elliptical, pale brown, echinulate, 25-34 x 
15-18p. 

Leleutospores—Sori black-brown, soon naked, Spores spherical 
or shortly elliptical, apex thickened, with a wide germ-pore 
and often a colourless papilla, smooth, dark brown, 26-35 x 
22-364. Pedicels short, deciduous. 


Synonyms. 

Uromyces phaseoli (Pers.). Winter in Rabh., “ Krypt. Flor.,” 
vol. i. p. 157. 

Uredo appendiculata, var. phaseoli, Pers. Observat. in “ Usteri 
ann. d. Botan.,” vol. xv. p. 17. 

Uromyces phaseolorum, De Bary. Cooke, “ Grevillea,” vol. vii. 
P. 135. 

On Phaseolus vulgaris. 

May and October. 


BioLocy.—-The spots on which the zecidia occur are at first pale, 
becoming yellowish. 


I have never seen British specimens of this, which is inserted 
on the faith of Dr. Cooke’s paper upon Uromyces in “ Grevillea.’ 


Uromyces limonii. (D. C.) 

&cidiospores—-On purplish spots. Pseudoperidia hypophyllous, 
white, cylindrical, with much-torn white edges. Spores sub. 
globose or ovate, yellow, minutely verrucose, 16-25 X 15—20p, 

Uvedospores—Sori brown, roundish, bullate, then naked, scattered, 
Spores globose or ovate, pale brown, finely verrucose, 30-35 X 
25-30p. 

Teleutospores—Sori small, rounded, black. Spores ovate or sub: 
pyriform, darker and thickened at the apex, often attenuatec 
below, smooth, rich brown, 25-50 X 15-25. Pedicels very 
long. 
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Synonyms. 


Uromyces limonit (D. C.). Winter in Rabh., “ Krypt. Flor.,” 
vol. i. p. 156. 

Puccinia limonit. D.C., “ Flore frang.,” vol. ii. p. 595. 

Ecidium statices, Desm. Cooke, “ Micro. Fungi,” 4th edit., 
Pp. 197. 

Uredo statices, Desm. Cooke, “ Hdbk.,” p. 528; ‘Micro. 
Fungi,” 4th edit., p. 217. 

Credo armeria, Duby. Berk., “Eng. Flor.,” p. 377. x 

Uromyces limonit, Lévy. Cooke, “Hdbk.,” p. 518; “ Micro. 
Fungi,” 4th edit., p. 212. 


LE xstccatt, 


Cooke, i. 632, 444, 591; ii. 83, 324. Vize, “ Fungi Brit.,” 60, 
71; “Micro. Fungi Brit,” 128. 


On Statice limonium, Armeria vulgaris. 
Aicidiospores, May and June; uredospores, June and July; 
teleutospores, July to October. 


BIOLOGY.—The ecidia occur on pallid spots, which are usually 
tinged with purple round their circumference; on the stems they 
cause considerable distortion. As the fungus occurs in situations 
which are often covered by the spring tides, it is obvious that the 
presence of salt is not inimical to it. 


Uromyces polygoni. Pers.) 

Acidiospores—Spots generally hypophyllous, rarely cauline. 
Pseudoperidia in small irregular clusters, rather flat, with 
broad, whitish torn edges. Spores subglobose, finely verru- 
cose, pale yellow, 15-23 in diameter. 

Uredospores—Sori brown, scattered, rarely circinating, amphi- 
genous, pulverulent. Spores globose or ovate, pale brown, 
finely echinulate, 20-25 xX 15-20p. 

Teleutospores—Sori blackish, on the leaves roundish, on the stems 
elongated. Spores globose or elliptical, smooth, chestnut 
brown, apices thickened, rounded or conical, 23-35 X 15-204. 
Pedicels yellowish, long, -persistent, 
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Synonyms. 


Uromyces polygoni (Pers.). Winter in Rabh., “ Krypt. Flor.,” 
vol. i. p. 154. 

Puccinia polygont. Pers., “ Disp. Meth.,” p. 39. 

Acidium avicularia, Kze. Cooke, “ Micro. Fungi,” 4th edit., 
p. 199; ‘‘ Hdbk.,” p. 545. 

Uredo polygonorum. Grev., “Scot. Crypt. Flor,” t. 80; 
“Flor. Edin.,” p. 434. Johnst., “Flor. Berw.,” vol. li, p. 201. 
Berk., “Eng. Flor.,” p. 377. 

Trichobasis polygonorum, B. Cooke, “Micro, Fungi,” 4th 
edit., p. 226. 

Puccinia vaginalium, Link. Cooke, “ Hdbk.,” p. 519. Berk., 
“Eng. Flor.,” vol. v. p. 363. Cooke, ‘Micro. Fungi,” 4th edit., 
p- 204. 

Puccinia avicularia. Grev., “Flor. Edin.,” p. 429. Johnst., 
“Flor. Berw.,” vol. iL p. 195. 

Uromyces polygoni, Fckl. Cooke, “ Hdbk.,” p. 519; “ Micro. 
Fungi,” 4th edit., p. 213. 

Uromyces avicularie, Schrot. Cooke, “Grevillea,” vol. vii. 
p- 136. 


E-xstecati. 


_ Cooke, i. 123; ii. 144, 312. Vize, “Micro. Fungi Brit.,” go; 
“ Micro. Fungi,” 170. 


On Polygonum aviculare. 
Ecidiospores, May ; uredospores, May to July; teleutospores, 
July to November. 


BIoLoGy.—The ecidium usually occurs on yellowish spots, which 
are often surrounded by a reddish margin. On the stems it causes 
considerable distortion. 


Uromyces trifolii, (Alb. and Schw.) 


A:cidiospores in circular clusters, on pallid spots. Pseudoperidia 
shortly cylindrical, flattish, on the stems in elongated groups ; 
edges whitish, torn. Spores subglobose or irregular, finely 
verrucose, pale orange, 14-23 in diameter. 
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Uredospores—Sori pale brown, rounded, scattered, surrounded by 
the torn epidermis. Spores round or ovate, with three or four 
germ-pores, echinulate, brown, 20-26 X 18-20. 

Teleutospores—Sori small, rounded, almost black, long covered by 
the epidermis. Spores globose, elliptical or subpyriform, with 
wart-like incrassations on their summits, smooth, dark brown, 
22-30 X 15-204. Pedicels long, deciduous. 


Synonyms. 


Uromyces trifolid (Alb. and Schw.). Winter in Rabh., “ Krypt. 
Flor.,” vol. i, p. 159. 

Credo faba, B. trifolit, Alb. and Schw., “Consp.,” p. 127. 

Puccinia fallens. Cooke, “ Hdbk.,” p. 508; “ Micro. Fungi,” 
4th edit., p. 212, in part. 

Trichobasis fallens. Cooke, ‘‘ Micro. Fungi,” 4th edit., p. 226. 

Uromyces apiculatus, Lévy. Cooke, ‘Grevillea,” vol. vii. 
p. 136, 

LExsiccati, 


Cooke, i. 116; “L. F.,” p. 40. Vize, “ Fungi Brit.,” 18. 
) » P 8 


On Trifolium pratense, and repens. 
fEcidiospores, May; uredospores, May; and teleutospores, 
May to November. 


B1oLoGy.—The Uredo and Uromyces frequently attack the 
petioles, where they cause elongated swellings and distortions. 
Schréter has found the zcidiospores only on Trifolium repens, and 
states that this stage is of very short duration. A plant of 7. 
repens, with the Uromyces upon it, was in October brought indoors 
and kept there until the following summer. During all this time it 
produced only teleutospores, no zecidiospores. In the open air the 
foliage would probably have been destroyed by the cold, so that the 
fungus would, therefore, have been unable to have kept itself alive, and 
would of necessity have been compelled to develop zcidiospores in 
spring from the last year’s teleutospores (Schroter, ‘‘ Cohn’s Beitrage,” 
vol. ii p. 78). Dr. Cooke has observed bicellular teleutospores 
(Seem. Jour., vol. iv., 1866) on Vicza sepium ,; they were few in number, 
and mixed with the uredospores. 
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Uromyces geranii. (D. C.) 


<Z:cidiospores—Pseudoperidia crowded in irregular or roundish 
patches on reddish spots, shortly cylindrical, edges white, at 
first adpressed, afterwards recurved, toothed. Spores roundish, 
finely verrucose, orange, 20-30 X 15-20p. 

Uredospores—Sori dark chestnut-brown, in rounded groups, small 
rounded, soon naked. Spores spherical, shortly elliptical, 
echinulate, pale brown, 20-25 X 19-23m 

Teleutospores—Sori blackish, rounded, often circinate. Spores 
elliptical or pyriform, with a colourless wart-like papilla on 
the summit, smooth, brown, 20-25 X 17-234. Pedicels 
short, deciduous. 

Synonyms. 

Uromyces geranit (D. C.). Winter in Rabh., “ Krypt. Flor.,” 
vol. i. p. 160. 

Uredo geranii. D.C., ‘‘Synop. Plant.,” p. 47. Berk., “ Eng, 
Flor.,” vol. v. p. 380. Sow., t. 398, fig. 5. Grev., “Scot, Crypt. 
Flor.,” t. 8; “Flor. Edin.,” p. 434. Johnst., “Flor. Berw.,” vol. ii. 
p. 201. r 
Trichobasis geranit, Berk. Cooke, “ Hdbk.,” p. 530. i 

Acidium geranit, D. C. Cooke, “Micro. Fungi,” 4th edit. 
p. 199; “Hdbk.,” p. 543. Berk., “Eng. Flor.,” vol. v. p. 371. 
Johnst., “Flor. Berw.,” vol. ii. p. 205. 

Uromyces geranit. Cooke, “ Micro. Fungi,” 4th edit., p. 213 
“Grevillea,” vol. vii. p. 134. 


Exsicati. 
Cooke, i. 107, 440; ii. 50. 


On Geranium sylvaticum, pratense, dissectum, and molle. 
May to October. 


BioLocy.—At the Mycological Conference in Paris, in 1887, Dr. 
Richon exhibited a figure of the uredospores accompanied by large 
clavate, hyaline paraphyses, but I have not observed these in any 
British specimen I have examined. The ecidiospores often cause 
great distortion when they occur on the stems. On the leaves they 
usually occur on reddish spots. Professor Trail finds this fungus 
near Aberdeen, on the two first-named host-plants, but not upon G, 
dissectum or molle. 
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Uromyces betes. (Pers.) 


At cidiospores—On yellowish rounded or elongated spots. Pseudo- 
peridia irregularly scattered or circinate, cup-shaped, with 
whitish torn edges. Spores polygonal, isodiametric, orange- 
yellow, smooth, 15-25 in diameter. 

Uredospores—Sori brown, irregularly roundish, surrounded by the 
ruptured epidermis, scattered or circinate. Spores ovate or 
elliptical, pale yellowish brown, echinulate, 25-30 X 16-25). 

Teleutospores—Sori black brown. Spores roundish, elliptical, 
ovate or obovate, dark brown, smooth, with a colourless 
papilla on their summits, 25-35 < 20-254. Pedicels long, 


deciduous. 
Synonyms. 
Uromyces bete (Pers.). Winter in Rabh., “Krypt. Fior.,’ 
vol. i. p. 155. 
Uredo bete. Pers., ‘‘Syn.,” p. 220. Berk., “Eng. Flor.,” 
vol. v. p. 377. 


Uromyces bete, Kithn. Cooke, “Grevillea,” vol. vit. p. 136; 
** Micro. Fungi,” 4th edit., p. 213. 

Trichobasis beta, Lév. Cooke, “ Hdbk.,” No. 1587; ‘“ Micro. 
Fungi,” 4th edit., p. 225. 


E-xsiccatt. 


Cooke, i 70; ii. 31; “L. F.,” 39. Vize, “ Micro. Fungi 
Brit.,” 553. 


On Beta vulgaris and maritinia. 
Ecidiospores, April and May; uredospores, June and July ; 
teleutospofes, August to October. 


BIOLOGY.—The zcidiospores are very rarely found in this country 
in a state of nature. In 14885, I produced the zcidia on two plants of 
mangold from the teleutospores from wild plants of Beta maritima 
grown on the banks of the River Ouse at West Lynn. Some dead 
stems of the Beta were laid on the mangold plants on March 20, and 
on April 21 the zcidiospores were found, which in due course were 
followed by the uredospores. The zecidium was found in April, on 
the wild Beta maritima. 
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Uromyces valerian. (Schum.) 


Acidiospores—Pseudoperidia hypophyllous, rarely cauline, circi- 
nate, scattered, cup-shaped, on the stem often elongate, 
slightly prominent, with torn, erect, white edges. Spores 
polygonal, finely echinulate, orange-yellow, 17-24 in diameter. 

Uredospores—Sori small, reddish brown, rounded, scattered or 
clustered, amphigenous. Spores spherical or elliptical, echi- 
nulate, pale brown, 20-30 XK 18—20n. 

Teleutospores—Spots irregular, dark brown, sometimes forming 
dendritic figures. Sori long covered by the epidermis, amphi- 
genous, slightly elevated. Spores elliptical or ovate, summits 
thickened, smooth, chestnut brown, 20-25 X 15-20m. Pedi 
cels short, deciduous. 

Synonyms. 


Uromyces valeriane (Schum.). Winter in Rabh., “ Krypt. 
Flor.,” vol. i. p. 157. Cooke, “ Grevillea,” vol. vii. p. 137. 

CUredo valeriane, Schum. ‘Enum. Plant. Sell.,” vol. il. p. 233. 

Lecythea valeriane. Berk., ‘ Outl.,” p. 334. Cooke, “ Hdbk.,”’ 
p- 523; ‘‘ Micro. Fungi,” 4th edit., p. 222. 

Ecidium valerianacearum, Duby. Cooke, ‘‘Hdbk.,” p. 540; 
““ Micro. Fungi,” 4th edit., p. 196; “Eng. Flor.,” vol. v. p. 370. 
Johnst., ‘ Flor. Berw.,” vol. ii. p. 206. 


Lxsiccatt, 


Berk., 349. Cooke, i. 63, 103; il. 64, 88; “L. F,” 32, 56. 
Vize, ‘“‘ Micro. Fungi Brit.,” 132, 448; “ Fungi Brit.,” 68. 


On Valeriana officinalis and dioica. 
Ecidiospores, May and June; uredospores, June and July ; 
teleutospores, July to September. 


B1oLoGy.—The presence of the mycelium in the leaves and stems 
causes the zcidiospore-sori to be seated on the thickened spots. 


Uromyces parnassiz. (D. C.) 


:cidiospores—Hypophyllous on pallid spots, in rounded patches. 
Pseudoperidia, tawny yellow, between urceolate and concave, 
with thick edges. Spores pallid. 

Uredospores—Spores ‘spherical, rough, 20-2544 in diameter. 
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Teleutospores—Sori amphigenous, at first bullate, then rupturing 
the epidermis, scattered, often confluent. Spores subglobose, 
ovoid, brown, smooth, 25-30 X 20-224, 


Synonyms. 


Uredo parnassiz. UD. C., “ Flore frang,” vol. vi. p. 68. 

LEcidium parnassia, Grev. Cooke, “ Micro. Fungi, 4th edit., 
p- 198. 

Trichobasis parnassie. Cooke, Sent, Jour. Bot, vol. ii. 
p. 3443 “Hdbk.,” p. 531. 

Cromyces parnassie, Schrot. Cooke, “ Grevillea,” vol. vii. 
Pp. 134. 


Lixsiccate, 
Cooke, i. 74. Vize, “ Micro. Fungi,” 4, 226. 


On Farnassia palustris. 

The ecidiospores were found by Dr. Greville near Glasgow, 
and by Professor Trail near Aberdeen ; the teleutospores by Dr. 
Cooke at Irstead, Norfolk, in 1864. 


Uromyces salicorniz. (D. C.) 


Zicidiospores—Pseudoperidia scattered or in small clusters, at 
first hemispherical, then shortly cylindrical, with erect, white 
torn edges. Spores polygonal, isodiametric, finely verrucose, 
orange-yellow, 17-35m in diameter. 

Uvredospores—Sori rounded, small, long surrounded by the rup- 
tured epidermis. Spores oblong or subpyriform, echinulate 
20-35 X 18-20. 

Teleutospores—Sori generally larger than those of the uredospores, 
pulverulent, dark brown, soon naked. Spores rounded, sub- 
pyriform, apex often thickened, smooth, dark brown, 24-36 x 
15-26u. Pedicels long, persistent. 


Synonyms. 


Uromyces salicornie (D. C.). Winter in- Rabh., “ Krypt. 
Flor.,” vol. i. p. 156. Cooke, * Grevillea,” vol. vii. p. 137. 
Acidium salicornia. WD. C., “ Flore frang.,” vol. vi. p. 92. 
K 
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Exsiccatt, 
Cooke, i. 538; ii. 143. Vize, “ Micro, Fungi,” 139. 
On Salicornia herbacea. 


BioLocGy.—The ecidiospores often occur on the young cotyle- 
donary leaves, on yellowish spots. 


B. HeTERUROMYcES. Schrot. 


Having the spermogonia and ecidiospores on one host-plant, and the 
uredospores and teleutospores upon another of a different genus. 


Uromyces dactylidis. Otth. 


Aicidiospores—Pseudoperidia on rounded or elongated spots, 
often in confluent clusters, cup-shaped, with everted torn white 
edges. Spores polygonal, subglobose, or isodiametric, 15—25p. 
in diameter. 

Uredospores—Sori small, elliptical or oblong, scattered, long 
covered by the epidermis. - Spores almost spherical, rarely 
ovate, echinulate, orange-yellow, 18-30 x 15-20p, without 
paraphyses. 

Teleutospores—Sori small, elongated or roundish, long covered by 
the epidermis. Spores irregularly rounded or oblong, some- 
what thickened and darker above, smooth, brown, 18-20 x 
14-174. Pedicels short, persistent. 


Synonyms. 


AEcidium ranunculacearum, 1). C. in part. Cooke, ‘“ Hdbk.,” 
P- 539; “ Micro. Fungi,” 4th edit., p. 196. 

Uromyces dactyiidis. Otth., “Nat. Ges. in Bern.” (1861), 
p. 85. Winter in Rabh., “ Krypt. Flor.,” vol. i. p. 161. 

Cromyces graminum. Cooke, “ Hdbk.,” p. 520; “ Grevillea,” 
vol. vii. p. 138; “Micro. Fungi,” 4th edit., p. 214. 


Lixsiccati. 
Cooke, i. 537. Vize, “Fungi Brit,” 37; ‘Micro. Fungi 
Brit.,” 139. 


Ecidiospores on Ranunculus bulbosus, May and June. 
Teleutospores on Dactylis glomerata, July to October, and 
continuing on the dead stems until the following spring. 


Fleteruromyces. cat 


BIOLOGY.—This species has been the subject of many cultures by 
me. It has been stated that the uredospores are provided with para- 
physes ; in this country they certainly are not. It has been affirmed, 
too, that Ranunculus repens and acris bear the ecidiospores ; but in 
numerous cultures, many of which were serial (z.e. the same infecting 
material was simultaneously applied to a series of plants), no result 
was obtained on the above-named plants (2. acris and repens). The 
series included 2. duZbosus, and on it, and on it alone, the ecidium 
developed, the other species named above (R. repens and acris), as 
well as &. ficaria and auricomus remaining free from the parasite ; 
conversely, the zecidiospores from &. du/bosus applied to Poa pratensis 
and ¢@ivialis produced no result. 


For a detailed account of these cultures, see Quart. Four. of 
Micro, Science, vol. xxv., new series, pp. 152-156. 


Uromyces poz. Rabh. 


Zcidiospores—Similar to the preceding. Spores 15—20pin diameter. 

Uredospores—Sori orange, rounded, elliptical, or linear ; at first 
covered by the epidermis, which splits longitudinally. Spores 
rounded, elliptical, or ovate, finely echinulate, orange-yellow 
16-26 in diameter, without paraphyses. 

Teleutospores—Sori brown, small, punctiform or elongate, covered 
by the epidermis. Spores generally irregular in form, often 
elliptical or ovate, pale brown, with a smooth epispore, 17-25 
x 25-4opu. Pedicels long, narrow, rather persistent. 


Synonyms. 


Atcidium ficariea. Pers., “Obs. Myc.,” vol. ii. p. 23. Purton, 
“ Midl. Flor.,” vol. iii. p. 333. Sow, t. 397, fig. 4. 

Acidium ranunculacearum, D. C. in part. Cooke, “ Hdbk.,” 
p. 539; “Micro. Fungi,” 4th edit, p. 196, plate ii. figs. 12-14. 
Johnst., “ Flor. Berw.,” vol. ii. p. 206. Berk., “ Eng. Flor.,” vol. v. 
p- 370. 

cidium confertum, Grev., “ Flor. Edin.,” p. 446. Johnst., 
“ Flor. Berw.,” vol. ii. p. 205. 

Uromyces poe. Rabh., “Unio. Itin.” (1866), No. xxxviii. 
Winter in Rabh., “ Krypt. Flor.,” vol. 1. p. 162. 


Exstecati. : 
Cooke, i. 8; ii 87; “LL. F.,” 55. Vize, “ Fungi Brit.,” 72. 
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sEcidiospores on Ranunculus ficaria, repens, and bulbosus, 
March to May. 

Teleutospores on Poa ¢rivialis, pratensis, and annua, April 
to July. 

BioLoGy.—This species is said to occur on P. nemoralis as well 
as on P. pratensis and ¢rivialzs, but I have been unable to produce it 
on the first mentioned, although I have done so several times on the 
two latter. In one serial culture in which the Uromyces from P. 
trivialis was applied to R. ficaria, (2) repens, and (3) bulbosa, the 
zecidium was produced on the two latter, but not on the first named. 
No result was obtained on R&. auricomus and acris. At present it is 
safer to say that Ur. oe has its xcidiospores on R. ficaria, repens, 
and apparently on &. ddbosus (because I do not like to be too con- 
fident about one culture), and that it has its teleutospores on Poa 
trivialis and pratensis. I have failed more than once in producing 
the zecidium on &. ficaria from the Uromyces on P. ¢rzvdalis, although 
I have always succeeded with teleutospores from P. “vialés on R. 
repens, and I think it quite possible that there may be two species, the 
one having its teleutospores on P. ¢révialzs, and its zcidiospores on 
R. repens, the other with its teleutospores on P. Zratensis, and its 
zecidiospores on &. ficayza, Further cultures can alone determine 
the truth of this surmise. 


Uromyces junci. (Desm.) 

Aicidtospores—Pseudoperidia circinating, cup-shaped, with whitish 
torn edges. Spores polygonal, irregular, globose or elongate, 
pale orange, smooth, 15-23 in diameter. 

Uredospores—Sori on brown or yellowish elongated spots, 
scattered, irregular, rounded or elongated, confluent. Spores 
rounded or elliptical, echinulate, pale brown, 17-28 X 15-174. 

Teleutospores—Sori round or elongate. Spores dark brown, 
usually elliptical or cuneiform, with much thickened and often 
attenuated summits, deep brown, smooth, 20-40 x I5- ap 
Pedicels long, thick, pale brown. 


Synonyms. 
Uromyces junci (Desm.). Winter in Rabh., “ Krypt. Flor.,” 
vol. i. p. 162. ; 
Puctinia junc, Desm. “Plant. Crypt. Edin.,” 2nd edit. 
No. 170. 
cidium zonale, Duby. “ Bot. Gall.,” vol. ii. p. 906. 
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Uromyces junci, Tul. Cooke, “ Grevillea,” vol. vii. p. 139; 
“ Micro. Fungi,” 4th edit., p. 213. 


LEtxxsiccatt, 
Vize, “ Micro. Fungi Brit.,” 445. 


fEcidiospores on Juula dysenterica, May to July. 
Teleutospores on /uncus obtusifiorus, July to October, and 
lasting through the winter on the dead stems. 


BIoLoGy.—The presence of the mycelium of the zcidiospores in 
the leaves causes round spots, which are yellowish in colour, and 
surrounded by a purple line. Fuckel suggested the probability of the 
connection between the ecidiospores and the teleutospores, but I 
believe the actual demonstration of their relationship by culture was 
never made until I did so in 1882. 


Uromyces pisi. (Pers.) 


Aicidiospores—Scattered over the whole leaf surface. Pseudope- 
ridia cup-shaped, with whitish edges. Spores subglobose or 
polygonal, orange, finely verrucose, 17-26 in diameter. 

Uredospores-—Sori roundish, scattered or crowded, cinnamon- 
brown. Spores subglobose or elongate, yellowish brown, 
echinulate, 17-20 & 20-25. 

Teleutospores—Sori roundish or elliptical, blackish. Spores sub- 
globose or shortly elliptical, finely but closely punctate when 
recent, apex only slightly thickened, 20-30 x 17-20" 
Pedicels long, colourless, fragile. 


Synonyms. 


Uromyces pist (Pers.). Winter in Rabh., “Krypt. Flor.,” 
vol, i p. £63. 

Uredo appendiculata, B. prst. Pers., ‘“Observ. myc.” in Usteri, 
Annal. d, Botan., vol. xv. p. 7. 

Uromyces pist, De Bary. Cooke, “ Grevillea,” vol. vii. p. 135. 

Aicidium cyparissia. D. C., “ Flore frang.,” vol. ii. p. 240. 


AEcidiospores on Luphorbia cyparissias. 
Uredospores and teleutospores, on Fésum sativum. 
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BIOLOGY.—1 have no acquaintance with this as a British species, 
and the host-plant of its zecidiospores is not native in this country. Its 
life-history was worked out by Schréter, who states that the teleuto- 
spores occur on Vicia cracca, Pisum sativum, Lathyrus pratensis and 
sylvestris. “He further finds that another acidium on £. cyparissias 
produces another Uromyces—U. striatus, with brown teleutospores ; 
which, when recent, are delicately striate with wavy lines, and which 
have a flat conchiform brown cap over the germ-pore. The latter 
occurs on Lotus corniculatus, Trifolium arvense, Medicago sativa, etc. 


II]. BRACHYUROMYCES.  Schrot. 


Having spermogonia, uredospores, and teleutospores. 


III]. HEMIUROMYCES. Schrot. 


Having only uredospores and teleutospores, which occur on the same host- 
plant. 


Uromyces scutellatus. (Schrank.) 


Uredospores—Sori small, roundish, at first covered by the epi- 
dermis. Spores scanty, mixed with the teleutospores, roundish 
or subpyriform, with a thick colourless or yellowish-brown 
spore-membrane, smooth, verrucose or finely echinulate, 20- 
35 X 15-25ph. 

Teleutospores—Irregular, rounded, ovate, or oblong, apices of the 
spores often surmounted with a broad, flat, pale or colourless 
papilla. Spores brown, smooth, tuberculate or reticulate, 
20-40 X 15-25. Vedicels rather long, deciduous. 


Synonyms. 

Lycoperdon scutellatum, Schrank. “ Baiersch Flor.,” vol. ii. 
p. 631. 

Uredo excavata, D.C. “Synop. Plant.,” p. 47. 

Uromyces scutellatus, Lév. Cooke, ‘“ Grevillea,” vol. vii. p. 137, 
in part. 

Uromyces excavatus, D. C. Cooke, ‘Grevillea,” vol. vii. 
p. 138; “Micro. Fungi,” 4th edit., p. 213. 

Oromyces scutellatus (Schrank). Winter in Rabh., “Crypt. 
Flor.,” vol. i. p. 144. 


On various Euphorbize (?). 
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BIOLOGY.—The mycelium of the teleutospores permeates the 
whole plant. The foliage of the affected plants is altered by its 
presence, being shorter, broader, and thicker ; moreover, they seldom 
blossom. The sori are scattered over the whole plant. Winter con- 
siders this species to belong to Hemiuromyces, Schréter that it is 
without uredospores. It is doubtfully British. 


Uromyces anthyllidis. (Grev.) 


Uredospores—Sori roundish, chestnut-brown. Spores subglobose, 
22-24u in diameter, echinulate,.chestnut-brown, with four 
or five germ-pores, contents orange-red. 

. Leleutospores—Sori brownish black. Spores short, elliptical or 
globose, 19-22 xX 17-20, dark chestnut-brown, markedly 
verrucose, apex rounded. Pedicels short, deciduous. 


Synonyms. 


Uredo anthyllidis. Grev.in Hook. Herb. Berk., “ Eng. Flor.,”’ 
vol. v. p. 383. 

Uromyces anthyllidis, Schrot., “ Krypt. Flor. Schl.,” vol. iii. 
p. 308. 

On Anthyllis vulneraria. June to October. 


Uromyces rumicis. (Schum.) 


Uredospores—Sori amphigenous, brown, small, round, scattered. 
Spores elliptical or subrotund, echinulate, pale brown, 20-25 
X 20-30p. 

Teleutospores—Sori dark brown, roundish, scattered. Spores 
roundish, elliptical or subpyriform, chestnut-brown, smooth, 
25-35 X 15-25m, apex of the spores having a pale, rounded, 
wart-like point. Pedicels short, deciduous. 


Synonyms. 

Uromyces rumicis (Schum.). Winter in Rabh., “ Krypt. Flor.,” 
vol. 1. p. 145. 

Uredo rumicis, Schum. ‘Enum. Plant. Seell.,” vol. ti. p. 231. 
Purton, “ Midl. Flor.,” vol. iii. No. 1544. 

Uredo bifrons. Grev., “Flor. Edin.,” p. 435. Berk., “Eng. 
Flor.,” vol. v. p. 382. Johnst., “Flor. Berw.,” vol. ii. p. 201, 
Cooke, “Hdbk.,” p. 528; “Micro. Fungi,” 4th edit, p. 217, 
t. vil. figs. 137-139. 


136 British Uvedinee and Ustilaginea. 


Uredo apiculosa, Link. Berk., “Eng. Flor.,” vol. v. p. 382. 
Purton, “Midl. Flor,” vol. iii, p. 297. Grev., ‘‘ Flor. Edin.,” 
Pp. 436. 

Trichobasis rumicum, D.C. Cooke, ‘ Micro. Fungi,” 4th edit., 
p. 225. 

Uromyces apiculosa, Lév. Cooke, “*Hdbk.,” p. 518; ‘‘ Micro. 
Fungi,” 4th edit., p. 212, t. vil. figs. 154-155. 

Uromyces rumicum, Lév. Cooke, “Grevillea,” vol. vil. p. 136. 


Exsiccatt. 


Cooke, i. 318, 322; “L. F.,” p. 26. Vize, “Fungi Brit.,” 
63, 553; ‘‘ Micro. Fungi Brit.,” 225. 


On Rumex conglomeratus, obtusifolius, crispus, hydrolapathum, 
acetosa, May to September. 


BioLocy.—The sori are often accompanied by very little dis- 
coloration of the foliage, but the presence of the mycelium often 
causes those parts of the leaf which are adjacent to the sori to retain 
their original green colour long after the unaffected portions of the 
leaves have become yellow from age. Sometimes, however, on 
R. acetosa there is considerable red discoloration. 


Uromyces sparsus. (Kze. and Schm.) 


Uredospores—Sori on pale spots, often convex, round or elliptical, 
amphigenous or cauline, long covered, at length surrounded 
by the ruptured epidermis. Spores round or oblong, 20-23 
in diameter, to 30m in length. 

Zeleutospores—Round or ovoid, frequently attenuated below, 
brown, smooth, epispore thickened above, sometimes hooded, 
30-40 X 15-244. Pedicels long and persistent. 


Synonyms. 


Uromyces sparsus (Kze. and Schm.). Winter in Rabh., 
“ Krypt. Flor.,” vol. i. p. 148. 

Uredo sparsus, Kze.and Schm, “ Deutsch, Schwamme,” 170. 

Uromyces sparsa, Lév. Cooke, ‘‘ Hdbk.,” p. 519 ; “ Grevillea,” 
vol. vii. p. 137; ‘‘ Micro. Fungi,” 4th edit., p. 214. 


On Spergularia rubra. May to July. 
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Uromyces alchemille. (Pers.) 


Uredospores—Sori golden-scarlet, hypogenous, rounded or ellipti- 
cal, frequently arranged radially, following venation of the 
leaves, becoming confluent. Spores globose, elliptical, or oval, 
epispore thickly covered with short sharp points, orange-yellow, 
15-25 X 15—-20p, 

Teleutospores—Sori chestnut-brown, hypogenous, scattered, round- 
ish, discrete, rarely confluent. Spores elliptical or ovate, 
verrucose, brown, 30-40 X 20-35. Pedicels rather long, 
deciduous, ; 

Synonyms. 
Uvromyces alchemille (Pers.), Winter in Rabh., “ Krypt. Flor.,” 

vol. i p. 146. 

Uredo alchemilla. Pers. “Syn.” p. 215. Grev., “ Flor. 

Edin.,” p. 439. Johnst., “ Flor. Berw.,” vol. li. p. 199. 

Uredo intrusa, Grev., “ Flor. Edin.,” p. 436. Berk., “ Eng. 

Flor.,” vol. ii. p. 382. Johnst., “ Flor. Berw.,” vol. ii, p. 207. 
Uromyces intrusa, Lévy. Cooke, ‘‘ Hdbk.,” p. 519; “ Micro. 

Fungi,” 4th edit., p. 213. 

Uromyces alchemilla, Fck\. Cooke, “ Grevillea,” vol. vii. p. 

136. 

Trachyspora alchemilla, Fckl. Bot. Zeit, 1861, p. 250. 

Schroter, “ Krypt. Flor. Schlesien,” vol. iii. p. 350. 


Lxsiccatt. 
Cooke, i. 121; “L. F.,” 27. Vize, “ Fungi Brit.,” 40; ‘ Micro, 
Fungi Brit.,” 43. 


On Alchemilla vulgaris, May to September. 


B1oLoGy.—Those leaves which are attacked by the mycelium of 
the uredospores do not properly develop, and are usually more elongated 
in the stalk than the healthy ones. The teleutospores are much less 
conspicuous than the uredospores. 


Uromyces alliorum. (D. C.) 


Oredospores—-Subglobose, pale, 22 X 254 Epispore thin. 
Teleutospores—Elliptical, brown, 30-35 X 15-184. Pedicels 
very evanescent. 
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Synonyms. 


Uromyces alliorum, D.C. Cooke, “ Grevillea,” vol. vii. p. 138; 
“Micro. Fungi,” 4th edit., p. 212. 

Uredo alliorum, T). C. Cooke, “ Micro. Fungi,” 4th edit., 
p. 217, in part. 

I am unacquainted with this species. 


IV. UROMYCOPSIS. Schrot. 


Having spermogonia, zcidiospores, and teleutospores, Uredospores absent. 


Uromyces behenis. (D. C.) 


Ecdiospores—Pseudoperidia in round, often confluent, circinate 
clusters, sometimes almost covering the affected leaf, slightly 
prominent, rather short, with broad, torn, whitish-yellow edges. 
Spores round or elongate, finely echinulate, orange-yellow, 
15—20m in diameter. 

Teleutospores—Sori dark brown, often occurring with the ecidia 
in small, roundish clusters, sometimes confluent, long covered 
by the epidermis. Spores elliptical or ovate, smooth, with 
rather markedly thickened summits, 25-40 X 17-25p- 
Pedicels very long, stout, persistent, hyaline or yellowish. 


Synonyms. 


Uromyces behenis, D.C. Winter in Rabh., “ Krypt. Flor.,” 
vol. i. p. 153. 

Ecdium behents, D.C. “ Encycl.,” vol. viii. p. 239. Berk., 
“Eng. Flor.,” vol. v. p. 372. Cooke, “‘Hdbk.,” p. 541; “ Micro. 
Fungi,” 4th edit., p. 197. 

Uromyces behenis, Lév. Cooke, “ Grevillea,” vol. vii. p. 134; 
‘* Micro. Fungi,” 4th edit., p. 213. 


LE-xstecatt. 


Baxt.,go. Cooke, i. 442. Vize, “ Fungi Brit.,” 167 ; “ Micro. 
Fungi Brit.,” 134. 


On Silene inflata, maritima. July to September. 


BioLoGy.—The mycelium causes considerable discoloration of 
the host-plant, the affected spots being sometimes yellow, sometimes 
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brown, and generally having a purple margin. Both zcidiospores and 
teleutospores are produced from the same mycelium, as is the case 
with the Chilian species, Puccinéa berberidis. 


Uromyces scrophularie. (D. C.) 


cidiospores—Pseudoperidia on yellowish spots, in roundish cir- 
cinate clusters, generally hypophyllous, with rather prominent, 
yellowish-white, erect or sometimes inverted, entire edges. 
Spores rounded, polygonal, finely verrucose, 17-30” in 
diameter. 

Teleutospores—Sori frequently intermingled with the accompanying 
ecidia, circinate, confluent or following the venation, small, 
round or elliptical. Spores round, obovate or oblong, or 
subpyriform, with much-thickened, often conically attenuated 
summits, chestnut-brown, smooth, 20-35 X I0-20u. Pedicels 
rather long, deciduous. 


Synonyms. 


Uromyces scrophulane (D. C.). Winter in Rabh., “ Krypt. 
Flor.,” vol. i. p. 15. 

Abcidium scrophularia, WD. C., “ Flore frang.,” vol. vi. p. 91. 
Cooke, ‘‘ Hdbk.,” p. 544; “ Micro. Fungi,” 4th edit., p. 199. 

Uromyces concomitans, B. and Br. Cooke, “ Micro. Fungi,” 
4th edit., p. 213. 

Uromyces scrophularia, Lév. Cooke, “ Grevillea,” vol. vii. 
p. 136; ‘Micro. Fungi,” 4th edit., p. 213. 

Puccinia scrophularia, Lév. Cooke, “ Hdbk.,” p. 497. 


Exsiccats, 


Cooke, i. 209 ; il. 82, 637. Vize, ‘‘ Micro. Fungi Brit.,” 41. 


On Scrophularia nodosa. 
May to October. 


BioLoGy.—The mycelium causes considerable distortions of the 
stem and petioles ; the spots are yellowish, usually surrounded by a 
purplish margin. In this species the same mycelium which produces 
the ewcidiospores also gives rise to the teleutospores. 
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Uromyces ervi. (Wallr.) 


Eudiospores—Scattered over both surfaces of the leaves and on the 
stems, Pseudoperidia cylindrical or abbreviated, with torn 
white edges. Spores subglobose, orange, often polygonal, 
10-124 in diameter. 

Teleutospores--Sori oval, elliptical or linear, shining black, per- 
sistent, erumpent, mostly cauline, Spores ovate or subglobose, 
smooth, brown, apex thickened and darker, rounded or flat- 
tened, often with a blunt conical incrassation, ro-12 high 


30-35 X 15-254. Pedicels brown, long, firmly attached, 
stout. 


Synonym. 
Acidium ervi, Wallr., “ Flor. Crypt. Germ.,” vol. ii. p. 247. 


On Vicia hirsuta (Ervum hirsutum, L.). 
“Ecidiospores, May to June and August to October ; teleuto- 
spores, from July, lasting on the dead stems through the winter. 


BIoLOGY.—Intermixed with the teleutospores occasionally are. 
found a few ovate, pale brown uredospores, 20 X 104, This species 
morphologically closely resembles U. orobz, faba, and pisz; but I 
found, in 1886, that the germinating teleutospores, when placed on 
young plants of Prsum sativum, Faba vulgaris, and a vetch seedling, 
produced no effect (Exp. 623, 645, 646, 647). In 1888, no result was 
obtained on Victa cracca, sativa, and Lathyrus Dratenes; but only 
upon Ervum hirsutum (Exp. 813 to 827). 


V. MICRUROMYCES. Schrot. 


Having only teleutospores, which germinate after a period of rest. Rarely 
there are found hidden between the teleutospores a few solitary uredospores. 


Uromyces ficariz. (Schum.) 


Teleutospores— Sori numerous, amphigenous, in more or less 
rounded clusters. Spores mostly ovoid, obovate, or pyri- 
form, smooth, brown; the apex of each has usually a wart- 
like, pale brown papilla, 25-44 x 16-26. Pedicels short, 
colourless, 
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Synonyms. 


Uromyces fcarie (Schum.). Winter in Rabh., “ Krypt. Flor.,” 
vol. 1. p. 141. 

Uredo ficaria, Schum, “Enum. Plant. Seell.,” pt. ii p. 232. 
Grev., “ Flor. Edin.,” p. 434. Johnst., “ Flor. Berw.,” vol. ii. p. 203. 
Berk., “ Eng, Flor.,” vol. v. p. 380. 

Uromyces ficaria, Lév. Cooke, “ Hdbk.,” p. 518; ‘Micro. 
Fungi,” 4th edit., p. 212, t. vii. figs. 156, 157; ‘ Grevillea,” vol. 
vil. p. 134. 

Lexsiccati, 


Cooke, i. 122; li. 145; “L. F.,” 24. Vize, “ Fungi Brit.,” 41. 


On Ranunculus ficaria, L. 
April to June. 


BioLocy.—The sori occur upon pale spots on the leaves and stems ; 
on the latter, they cause elongated distortions. This species was at 
one time considered to be the teleutospores of £cédium ficaria, until 
Schroter (Cohn’s “ Beitrage,” vol. ii. pt. iii. p. 63) worked out the life- 
history of the Ranunculus 4cidia. 


Uromyces scillarum. (Grev.) 


Teleutospores—Sori amphigenous, brown, arranged more or less 
concentrically, sometimes irregularly, becoming confluent, 
especially in the centre of the larger groups, at first covered 
with the cuticle. Spores roundish, ovate, or elliptical, with a 
uniformly thick, smooth, brown epispore, apex rounded or 
flattened, 20-30 X 15-204. Pedicels short, slender, deciduous. 


Synonyms. 

Uromyces scillarum (Grev.). Winter in Rabh., “ Krypt. Flor.,” 
vol. i. p. 142. 

Uredo scillarum. Grev., “Flor. Edin.,” p. 376. Berk., “Eng. 
Flor.,” vol. v. p. 376. 

Uromyces concentrica, Léy. Cooke, “‘ Hdbk.,” p. 519. 

Uromyces concentricus, Lév. Cooke, “Grevillea,” vol. vii. 
p. 138; “Micro. Fungi,” 4th edit., p. 213. 

Puccinia scillarum, Baxt., Exs. 40. 
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On Scilla bifolia and nutans. 
May and June. 


BIOLOGY.—The presence of the mycelium causes the sori to be 
produced on paler discoloured spots on the leaves and stems. 


Uromyces ornithogali. (Wallr.) 


Teleutospores—Sori dark brown, scattered, elliptical or oblong, on 
the smaller leaves causing various distortions, often confluent, 
at first covered by the epidermis, then pulverulent. Spores 
elliptical or subpyriform, sometimes smooth, sometimes rough, 
pale or chestnut-brown, having a colourless wart-like point 
above, rounded or attenuated below, 25-40 x 17-224. Pedi- 
cels long, slender, deciduous. 


Synonyms. 
Uromyces ornithogali (Wallr.) Winter in Rabh., “ Krypt. 
Flor.,” vol. i. p. 141. 
Erysibe rostellata, var. orntthogalé. Wallr., “Flor. Crypt. 
Germ.,” vol. il. p. 209. 
Uromyces ornithogali, Lévy. Cooke, ‘Grevillea,” vol. vii. 
p. 138. 


On Gagea lutea, L. 


B1oLoGy.—The presence of the mycelium causes variously shaped 
pale spots on the affected leaves. 


Uromyces urticz. Cooke. 


Teleutospores—Subpyriform, apiculate, pale, 30 x 184. Epispore 
thickened, on hyaline pedicels. 


Synonym. 
Uromyces urtice. Cooke, “ Grevillea,” vol. vii. p. 137. 


On Ortica dioica, Shere, Surrey. 

This species has never been found but once. It is remarkable 
that no one except Dr. Cooke should have met with it, seeing how 
common the host-plant is. 
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VI. LEPTUROMYCES. | Schrot. 


Ilaving only teleutospores, which germinate as soon as they are mature 
upon the living host-plant, 


PUCCINIA. Pers. 


Teleutospores separate, pedicellate, produced in flat sori, con- 
sisting of two superimposed cells, each of which is provided with 
a germ-pore. The superior cell has its germ-pore, as a rule, 
piercing its apex; in the inferior the germ-pore is placed laterally, 
immediately below the septum. 


I, EUPUCCINIA. Schrot. 


Having spermogonia, zcidiospores, uredospores, and teleutospores; the 
latter germinating only after a period of rest. 


A. AUTEUPUCCINIA, De Bary. 


Spermogonia, ecidiospores, uredospores, and teleutospores on the same 
host-plant. 


Puccinia galii. (Pers.) 
icidiospores—Pseudoperidia scattered or clustered im irregular 
groups, edges torn, whitish. Spores roundish or shortly ellipti- 
cal, orange-yellow, smooth, 16-23 in diameter. 

Uredospores—Sori reddish brown, round or oval, often confluent. 
Spores globose, oval, or ovate, echinulate, pale brown, 20-30 
X 17-22¢. 

Teleutospores—Sori black, roundish, persistent. Spores elliptical, 
oblong, or clavate, base attenuated, apex much thickened 
(9-10), often obliquely conical, constriction slight, brown, 
smooth, 30-55 X 15-254. Pedicels rather long, brown. 


Synonyms. 
Puccinia gali(Pers.). Winter in Rabh., “ Krypt. Flor.,” vol. i. 
Pp. 210. 
cidium galit, Pers. “Syn.,” p. 207. Cooke, “ Hdbk.,” 
p. 540; “Micro. Fungi,” 4th edit., p. 196, t. ii. figs. 15-17. 
Lrichobasis galt, Y.év. Berk., “ Outl.,” p. 332. Cooke, 
“ Hdbk.,” p. 501; “ Micro. Fungi,” 4th edit., p. 226. 
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_ Puccinia galiorum, Link. Berk., ‘Eng. Flor.,” vol. v. p. 366. 
Cooke, “‘Hdbk.,” p. 501; “Micro. Fungi,” 4th edit, p. 208, 
t. viii. figs. 172, 173. 

Puccinia difformis, Fckl. Cooke, “ Hdbk.,” p. 501; “ Micro. 
Fungi,” 4th edit., p. 208. 


E-xstccatt. 


Cooke, i. 9, 72, 1133; i. 318, 325, 575. Vize, “ Fungi Brit.,” 
82, 229; ‘ Micro. Fungi Brit.,” 110. 


On Asperula odorata, Galium cruciata, aparine, uliginosum, 
palustre, verum, mollugo. 


BroLocy.—The presence of the mycelium in the stems, especially 
in G. afarine, causes considerable swellings and distortions. 


Puccinia asparagi. D. C. 


Acidiospores—Pseudoperidia in elongated patches upon the stems 
and larger branches, short, edges erect, toothed. Spores orange- 
yellow, round, very finely echinulate, 15—26y in diameter. 

Uredospcres—Sori brown, flat, small, long covered by the epider- 
mis. Spores irregularly round or oval, clear brown, echinu- 
late, 17-25 X 20-30. 

Teleutospores—Sori black-brown, compact, pulvinate, elongate or 
rounded, scattered. Spores oblong or clavate, base rounded, 
apex thickened, darker, central constriction slight or absent, 
deep chestnut-brown, 35-50 X 15-254. Pedicels persistent, 
colourless or brownish, as long as or longer than the spores. 


Synonym. 

Puccinia asparagi. D. C., ‘‘ Flore frang.,” vol. ii. p. 595. 
Winter in Rabh., “ Krypt. Flor.,” vol. i. p. 201. Grev., “ Flor. 
Edin.,” p. 429. Berk., “Eng. Flor,” vol. v. p. 363. Cooke, 
“ Hdbk.,” p. 494; “ Micro. Fungi,” 4th edit. p. 203. 


LEixsiccati. 
Cooke, i. r11. Vize, “ Fungi Brit.,” 113. 


On Asparagus officinalis, 
April to October. 
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Pucecinia thesii. (Desv.) 


cidiospores—Pseudoperidia scattered and thickly crowded over 
the whole plant, cylindrical, whitish, with torn edges. Spores 
nearly spherical, orange-yellow, smooth, 17-26 X 12-17. 

Uredospores—Sori reddish brown, round, subconfluent. Spores 
round or shortly elliptical, brown, echinulate, 20-284 in 
diameter. 

Teleutospores—Sori compact, round or elongate, brownish black. 
Spores elliptical or ovate, central constriction slight or absent, 
base rounded, apex thickened and darker, smooth, brown, 
30-40 X 14-284. Pedicels brown, persistent, very long. 


Synonyms. 
Puccinia thesit (Desv.). Winter in Rabh., “Krypt. Flor.,” 
vol. 1. p. 202. 
Aecidium thesit, Desv., Jour. de Bot., vol. ii. p. 311. Cooke, 
“ Hdbk.,” p. 537; ‘‘ Micro. Fungi,” 4th edit., p. 195, t. iii. figs. 
50-51. B. and Br., Aun. Nat. Hist, No. 1048. 
Puccinia thesit, Chail. Cooke, “Hdbk.,” p. 495; “ Micro. 
Fungi,” 4th edit., p. 204. 
Lxsicati. 
Berk., 318. Cooke, ii. 311. Vize, “Fungi Brit.,” 12, 81; 
‘Micro. Fungi Brit.,” 214, 457. 
On Thesium humifusum. 
April to October. 


Puccinia calthe. Link. 


eidiospores—Pseudoperidia on roundish spots, or when cauline 
on long swellings, flat, with white torn edges. Spores sub- 
globose, finely verrucose, orange, 20-30 in diameter. 

Uredospores—Sori small, round, chestnut-brown, soon scattered. 
Spores globose or elliptical, echinulate, brown, 22-30 x 
20-2 5p. 

Teleutospores—Sori small, black, pulverulent, but persistent. 
Spores oblong, attenuated towards both extremities, rarely 
rounded, central constriction little or none, apex conical or 
with a paler wart-like papilla, smooth, brown, 30-44 X 13-22¢. 
Pedicels persistent, rather long. 

L 
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Synonyms. 

Puccinia calthe, Uink., “Sp. Plant,” vol. vi. pt. ii. p. 79. 
Winter in Rabh., “Krypt. Flor.,” vol. i. p. 216. Berk., “Eng. 
Flor.,” vol. v. p. 367. Cooke, “ Hdbk.,” p. 504; “ Micro, Fungi,” 
4th edit, p. 210, Grev., “ Flor. Edin.,” p. 367. Johnst., “ Flor. 
Berw.,” vol. ii. p. 196. 

A4cidium calthe. Grev., “Flor. Edin,” p. 446. Berk., 
“Eng. Flor.,” vol. v. p. 371. Cooke, “ Hdbk.,” p. 539; “ Micro. 
Fungi,” 4th edit., p. 196. 

Lixsiccate. 

Cooke, i. 114. Vize, “ Micro, Fungi,” 159; “ Micro. Fungi 

Brit.,” 219. 


On Caltha palustris. 
May to September. 


Puccinia convolvuli. (Pers.) 


Li cidtospores—In circular clusters on the leaves and on elongated 
swellings on the stems. Pseudoperidia cup-shaped, with 
broad, recurved, torn white edges. Spores polygonal, finely 
verrucose, pale yellow, 17-26 X 25-30m. 

Uvedospores—Sori scattered or circinate, often confluent, brown, 
soon naked. Spores subglobose, rarely ovate, echinulate, 
pale brown, 22-26 xX 25-30p. 

Teleutospores —Sori scattered. or cireinate, dark brown, long 
covered by the epidermis, sometimes confluent. Spores of 
two kinds: (1) Teleutospores proper, oblong, oval, or sub- 
clavate, apex truncate, slightly thickened, or attenuated, or 
much, thickened, base rounded or slightly attenuated, deep 
brown, 38-66 X 20-304. Pedicels stout, brownish. (2) 
Mesospores, generally ovate, apex much thickened, truncate, 
or attenuated, brown, 25-35 xX 20-25p. Pedicels pale brown, 
persistent. 

Synonyms. 
Puccinia convolvuli (Pers.), Winter in Rabh., “ Krypt. Flor.,” 

vol. i. p. 204. 

Credo beta, vax. convolvuli. Pers., “‘Syn.,” p, 221. 


On Convolvulus sepium, Miss Jelly. 
June to October 
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Puccinia gentianz. (Strauss.) 


Acidiospores—Pseudoperidia on circular or elongated brownish 
spots, flat, with white torn edges. Spores globose, orange, 
finely verrucose, 16-23 X I4-I7p. 

Uredospores — Sori roundish, scattered or circinating, at first 
covered by the epidermis, chestnut-brown. Spores elliptical, 
ovate, or obovate, brown, echinulate, 20-30 X I9-24m. 

Teleutospores—Sori small, blackish, pulverulent. Spores elliptical 
or ovate, rounded at both ends, median constriction slight or 
absent,. smooth, thickened above, 28-38 x 20-254. Pedicels. 
colourless, delicate, very deciduous, 


Synonyms. 
Puctinia gentiane (Strauss). Winter in Rabh., “ Krypt. Flor.,” 
vol. i. p. 205. 
Uredo gentiane, Strauss. “ Wetter Ann.,” vol. ii, p.. Loz. 


W. G. Smith, Gard. Chron., Sept. 19, 1885, p. 372, fig. 82. 


On Gentiana acaults. Kew Gardens. 


Puccinia silenes. Schrot. 


icidiospores—Pseudoperidia on pale yellowish spots, in small 
clusters,. small,. white, shortly cylindrical, edges torn. Spores 
subglobose, granular, orange-yellow, 17-26 X 14-20. 

Uvedospores—Sori brown, roundish, scattered or circinating, often 
confluent. Spores roundish or elliptical, pale brown, echinu- 
late, 20-26 x 17—-20p. 

Teéleutospores—Sori small, pulverulent.. Spores elliptical or oblong, 
very slightly constricted, rounded at both ends, apex slightly 
thickened, smooth, chestnut-brown, 25-40 X 16-264. Pedicels 
short, deciduous. 

Synonyms. 
Puccinia silenes, Schrot. Winter in Rabh., “ Krypt.. Flor.,” 

vol. i. p. 215. 

Puccinia lychnidearum. ¥ckl.,.““Symb.,” p. 50, p70 parte. 
Puccinia silenes, Rabh.. Cooke, “Micro. Fungi,” 4th edit., 


p. 211. 
On. Silene inflata. 
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Puccinia porri. (Sow.) 


A cidiospores—Pseudoperidia in linear or circinate clusters, shortly 
cylindrical, with everted torn edges. Spores polygonal, finely 
verrucose, membrane colourless, contents orange, 19-28m in 
diameter. 

Uredospores—Sori reddish brown, scattered or in elongate clusters, 
linear or oblong. Spores roundish, shortly elliptical, very 
finely echinulate, orange-yellow, 20-27 X 25-30. 

Teleutospores—Sori small, bluish grey from the dark spores being 
covered by the semitransparent epidermis. Spores clavate 
or oblong, central constriction slight, generally attenuated 
towards the stem, apex rounded or truncate, smooth, brown, 
30-45 X 20-26, Pedicels long, but deciduous. 

Mesospores numerous, unicellular on long deciduous pedicels, 
often irregular in form, sometimes thickened above, 22-36 x 
17-2 3p. 

Synonyms. 

Puccinia porri (Sow.). Winter in Rabh., ‘Krypt. Flor.,” 
vol. i. p. 200. 

Credo porrit. Sow., “ Eng. Fungi,” t. 411. 

Uredo alliorum, D.C. Berk., “ Eng. Flor.,” vol. v. p. 376, 
in part. Cooke, “Micro. Fungi,” 4th edit., p. 217, in’ part; 
“ Hdbk.,” p. 528. 

Uromyces alliorum. Cooke, ‘‘ Hdbk.,” p. 518 (?). 

Puccinia mixta, Fckl. Vize, Exs. 


Exsiccatt, 
Cooke, ii, 425. Vize, “Fungi Brit.” 38; “Micro. Fungi 
Brit.,” 430. 


On Allium cepa, sthenoprasum. 
May to August. 


Puccinia prenanthis. (Pers.) 


Acidiospores—Pseudoperidia in circular or elongate patches, 
hemispherical or shortly conical, opening above ‘by small 
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irregular clefts without typical pseudoperidium. Spores 
rounded, pale orange, densely verrucose, 15-25 X 12-20p. 
Uredospores—Sori reddish brown, scattered or circinate, small, 
rounded. Spores spherical, pale yellow, finely echinulate, 
with very remarkably thickened margins to the three germ- 
pores, as seen in the moist state, 16-23 in diameter. 
Teleutospores—Sori round, blackish, dusty. Spores elliptical or 
ovate, central constriction slight, extremities rounded, apex 


scarcely thickened, finely punctate, brown, 25-35 x 20-25m. 
Pedicels deciduous, colourless, short. 


Synonyms. 
Puccinia prenanthis (Pers.) Winter in Rabh., “ Krypt. Flor.,” 
vol, i, p. 208. Schrot.,  Krypt. Flor. Schl.,” vol. iii. p. 318. 
Aicidium prenanthis. Pers., “Symb.,” p. 208 Cooke, 
“Hdbk.,” p. 542; “Micro. Fungi,” 4th edit, p. 198. Grev., 
Flor. Edin.,” p. 444. Johnst., “ Flor. Berw.,” vol. il. p. 205. 


Acidium compositarum, Mart. in part. Berk., “‘ Eng. Flor.,” 
vol. v. p. 370. 


Puccinia chondrille, Corda. Vize, Exs. 


Exstccatt. 
Vize, ‘ Micro. Fungi Brit.,” 211. 


On Lactuca muralis. 
April to September. 
Some of the teleutospores are as much as 4op in length. 


Puccinia lapsane. (Schultz.) 

Ai cidiospores—Pseudoperidia flat, amphigenous, with torn, white 
reflexed edges, on purple, irregular spots. Spores ovate or 
subrotund, smooth, yellow, about 18 in diameter. 

Uvedospores—Sori orbicular, pulverulent, very numerous, often 
confluent, cinnamon-brown. Spores subglobose or ovate, 
brown, finely echinulate, 18-21 x 15-17p. 

Teleutospores—Sori small, flattish, black, pulverulent, numerous. 
Spores ovate or roundish, obtuse at both extremities, slightly 
(if at all) constricted, punctate, dark brown, 23-28 x 18-21u 
Pedicels hyaline, short, often oblique. 
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Synonyms. 


Ecidium lapsane. Schultz, “ Prod. Flor. Starg.,” p. 454. 

Puccinia lapsane, Fckl.  Schrot., “Krypt. Flor. Schl.,” 
p. 318. Cooke, ‘‘ Micro. Fungi,” 4th edit., p. 207. 

cidium lapsane, Purton. Cooke, ‘“ Hdbk.,” p. 543; 
“ Micro. Fungi,” 4th edit., p. 198. 

Aicidium prenanthis, Pers. Cooke, “ Hdbk.,” p. 542; ‘ Micro. 
Fungi,” 4th edit., p. 198. 

Trichobasis lapsane, Fckl. Cooke, “Micro. Fungi,” 4th 
edit., p. 224. 

Exsiccati. 
Cooke, i. 13; ii. 91, 92. Vize, “ Micro. Fungi,” 162, 169. 


On Lapsana communis, Crepis paludosa. 
Aicidiospores, March to April; uredospores, April to June ; 
teleutospores, June to August. 


BIOLOGY.—This species is said by Schréter to occur on Crepzs 
paludosa. It is certainly distinct from Puccinia variabil’s and taraxact 
on Taraxacum, as neither the zcidiospores, uredospores, nor teleuto- 
spores of P. /afsan@, when applied to Taraxacum in duplicated ex- 
periments made in 1885, had any effect (Exp. 481, 497, 499, 500), 
although they readily enough infected plants of Lapsana communis. 
The species which occurs so frequently on the Composite is without 
zecidiospores. 


Puccinia variabilis. (Grev.) 


cidiospores—Spots very small, purple, scattered over the under 
surface of the leaves, from 2 to 5 mm. across. Pseudoperidia 
often single, cup-shaped, with torn whitish edges. Spores sub- 
globose or oval, hyaline, with orange contents, echinulate, 
20-25 X 15-20, 

Uredospores \ Sori small, round or elongate, dark brown, soon 

eee naked, containing both spore-forms. 

Uredospores scanty, subglobose, often irregular, brown, echinulate, 
20-25m in diameter. Teleutospores oval, oblong, often sub- 
globose, frequently distorted in various ways, -constriction 
almost none, dark brown, finely verrucose, 28-30 x 18-20), 
Pedicels hyaline, deciduous, of variable length. 
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Synonyms. 


Puccinia variabilis. Grev., “Scot. Crypt. Flor.,” t. 75; ‘ Flor. 
Edin.,” p. 431. Johnst., “Flor. Berw.,” vol. ii p. 196. Berk., 
“Eng. Flor.,” vol. v. p. 365. Cooke, “ Hdbk.,” p. 500; ‘ Micro. 
Fungi,” 4th edit., p. 207, t. 4, figs. 82, 83. 

Ecidium taraxact. Grev., “ Flor. Edin.,” p. 444. 

cidium grevillei. Grove, Jour. of Bot., May, 1886. 


On Zaraxacum officinale. 
July to October. 


BIOLOGY.—Mr. H. T. Soppitt met with this AZcidium at Grassing- 
ton, in Yorkshire, and found, by applying the zcidiospores to healthy 
plants of Taraxacum officinale, the uredospores and teleutospores were 
produced in about fourteen days. Greville’s description of the Aicidium 
is clear : “ Spreading over the whole leaf, and generally collected into 
numerous little clusters, with single ones scattered between them.” 
The Acidium to Puccinia sylvatica, which also occurs on Taraxacum, 
has its pseudoperidia not scattered but collected into large clusters. 
In July, 1888, I found the zcidiospores of P. vardabclis at Watlington, 
near King’s Lynn, and successfully repeated Mr. Soppitt’s experiment. 


Puccinia pulverulenta. Grev. 


Aicidiospores—Pseudoperidia flat, scattered over the whole surface 
of the leaves. Spores subglobose, finely verrucose, orange- 
yellow, 16-26 in diameter. 

Uredospores—Sori scattered or circinating, often confluent, pul- 
verulent. Spores elliptical or ovate, echinulate, brown, 20-28 
X 15-25p¢- 

Teleutospores—Sori dark brown, often concentric, pulverulent. 
Spores elliptical or oblong, centrally constricted, apex thick- 
ened, hooded, base generally rounded, smooth, brown, 24-35 
x 16-204. Pedicels colourless, deciduous. 


Synonyms, 
Puccinia epilobii tetragoni (D. C.). Winter in Rabh., “ Krypt. 
Flor.,” vol. i. p. 214. 
Uredo vagans, var. epilodit. D. C., “Flore frang.,” vol. ii, 
p. 228. 
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cidium epilobii, D. C: Berk., “Eng. Flor.,” vol. v. p. 372. 
Cooke, “Hdbk.,” p. 536; ‘Micro. Fungi,” 4th edit. p. 195. 
Grev., “Flor. Edin.,” p. 444. Johnst., “ Flor. Berw.,” vol. i. 
p. 204. 

Uredo epilobii, D.C. Purton, “ Midl. Flor.,” vol. iii., No. 1604. 
Johnst., ‘Flor. Berw.,” vol. ii. p. 200. Berk., “Eng. Flor.,” 
vol. v. p. 381. 

Trichobasis epilobit. Berk., “Outl.,” p. 333. Cooke, “ Micro. 
Fungi,” 4th edit., p. 226. 

Puccinia pulverulenta, Grev., “Flor. Edin.,” p. 432. Berk., 
“‘Eng. Flor.,” vol. v. p. 368. Cooke, ‘‘ Hdbk.,” p. 507; “‘ Micro. 
Fungi,” 4th edit., p. 211, t. iv. figs. 78, 79. 


E-xsiccatt. 


Berk., 108, 349. Cooke, i. 4, 49; li. 80; “L. F.,” 52. Vize, 
“ Fungi Brit.” 19, 79; “Micro. Fungi Brit.,” 36, 215. 


On L£pilobium hirsutum, montanum, tetragonum. 


BrioLoGy.—The mycelium of the zcidiospores is diffused through 
the greater part of the affected plant, but whether it be truly perennial 
I cannot say. The mycelium of the uredospores and teleutospores is 
strictly localized. I found in June, 1882, that the ecidiospores sown 
on seedlings of ,Z. hirsutum gave rise to ecidiospores in seventeen 
days. 


Puccinia viole. (Schum.) 


Acidtospores—Pseudoperidia on the leaves in circular concave 
patches, often causing much distortion on the stems, flat, with 
white torn edges. Spores subglobose, finely verrucose, orange- 
yellow, 16-24 X to-18p. 

Uvredospores—Sori brown, small, roundish, scattered, soon naked. 
Spores roundish or elliptical, brown, echinulate, 20-26 in 
diameter. 

Teleutospores—Sori black, roundish, small, pulverulent. Spores 
elliptical or oblong, slightly attenuated at the base, with an 
apical thickening, constriction almost absent, brown, 20-35 X 
15~20u. Pedicels long, deciduous. 
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Synonyms. 


Luccinia viole (Schum.). Winter in Rabh., “Krypt. Flor.,” 
vol, i. p. 215. Grev., “Flor, Edin.,” p. 432. Johnst., ‘ Flor. 
Berw.,” vol. vi. p. 196. 

cidium viole, Schum. ‘Enum. Plant Szll.,” vol. ii. p. 224. 
Grev., “Edin. Flor.,” p. 444. Berk., “Eng. Flor.,” vol. v. p. 372. 
Johnst., “Flor. Berw.,” vol. ii p. 205. Cooke, “‘ Hdbk.,” p. 543; 
“ Micro. Fungi,” 4th edit., p. 198. 

Credo violarum, D.C. Berk., “Eng. Flor.,” vol. v. p. 380. 
Sow., t. 440. Johnst., ‘‘ Flor. Berw.,” vol. ii. p. 202. 

Trichobasis violarum, Berk. Cooke, “‘ Micro. Fungi,” 4th edit., 
p. 226. 

Puccinia violarum, Link. Berk., “Eng. Flor.,” vol. v. p. 367. 
Cooke, “ Hdbk.,” p. 505 ; “Micro. Fungi,” 4th edit., p. 210. 


Lexsiccats. 
Berk., 223, 228. Cooke, i. 46, 49, 104; ii. 135; “L. F.,” 
43. Wize, “ Micro, Fungi Brit.,” 57-112; ‘* Fungi Brit.,” 77. 


On Viola canina, odorata, sylvatica, hirta, tricolor. 
May to October. 


Puccinia albescens. (Grev.) 


cidiospores—Pseudoperidia short, whitish, with toothed edges, 
on bleached places on the stems, petioles, leaves, and blossoms. 
Spores roundish, colourless, 15-224 in diameter. Mycelium 
diffused, perennial. 

Oredospores—Sori brown, small, round or oblong, long covered 
by the epidermis. Spores oval or elliptical or subglobose, 
nucleate, echinulate, clear brown, 20-25 X 15-20. 

Teleutospores—Sori small, round, scattered. Spores often in the 
same sori as the uredospores, rarely confluent, long covered by 
the epidermis, fusiform or elliptical, attenuated at both ends, 
often surmounted by a colourless papilla, constriction slight, 
smooth, brown, 34-40 X 18-25. Pedicels short, hyaline, 
deciduous. 

Synonym, 


cidium albescens. Grev., “Flor. Edin.,” p. 444. Berk., 
“Eng. Flor.,” vol. v. p. 372. Johnst., “Flor. Berw.,” vol. ii 
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p. 205. Cooke, “ Hdbk.,” p. 536; ‘Micro, Fungi,” 4th edit., 
Pp. 194. 
Exsiccatt, 
Cooke, i. 636; ii. 78. Vize, “Fungi Brit,” 164. “ Micro. 
Fungi Brit.,” 561. 
On Adoxa moschatellina. 
March to May. 


BI1oLocy.—The mycelium of the zcidiospores is perennial, that of 
the uredospores and teleutospores annual. Schriter found that when 
the zecidiospores were sown on healthy plants, a small quantity of the 
uredospores were produced. I have grown plants affected with the 
zecidiospore mycelium in a flower-pot, which for three successive years 
came up affected with the Avcidium. Mr. Soppitt produced the uredo- 
spores and teleutospores in June, 1888, from the eecidiospores. He 
states that the teleutospore sori remains longer covered by the 
epidermis than those of P. adoxe do. 


Puccinia bupleuri. (D. C.) 


cidiospores—Pseudoperidia uniformly scattered over the whole 
leaf-surface, flat, with torn white edges. Spores polygonal, 
nearly smooth, 14-21 in diameter. 

Uredospores—Sori scattered or circinating, small, roundish or 
irregular. Spores very few, subglobose, verrucose, yellowish 
brown, 17-23 in diameter. 

Teleutospores—Sori numerous, scattered, dark brown, oblong, 
surrounded by the ruptured epidermis, rather small. Spores 
broadly elliptical or oblong, apical thickening slight or absent, 
rounded at both ends, broadly constricted, smooth, dark brown, 
26-42 X 17-30mu. Pedicels long, deciduous. 


Synonyms. 
cidium falcarie, var. Bupleuri falcati. D.C.,“ Flore frang.,” 
vol. vi. p. 91. 
Puccinia Bupleuri falcati (D. C.). Winter in Rabh., “ Krypt. 
Flor.,” vol. i. p. 212, Cooke, ‘‘ Grevillea,” vol. xvi. p. 47. 
On Bupleurum tenuissimum. 
Walton-on-the-Naze. August, 1887. 
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Puccinia pimpinelle. (Strauss.) 


cidiospores—Pseudoperidia mostly on distortions of the stems, 
at first hemispherical, then rounded or elongate, edges slightly 
torn, Spores roundish, yellow, finely verrucose, 18-35 x 
16-21. 

Uredospores—Sori chestnut or cinnamon brown, rounded or elon- 
gated, pulverulent. Spores rounded, shortly elliptical or 
pyriform, pale brown, echinulate, 23-32 x 20-24. 

Teleutospores—Sori blackish, rounded or elongated, pulverulent, 
often on the stems, which are then much distorted. Spores 
elliptical or ovate, scarcely constricted, rounded at both 
extremities, membrane reticulated with broad net-like ridges, 
chestnut-brown, 25-35 < 17-264. Pedicels long, deciduous, 
colourless. 


SYNONYMS. 


Puccinia pimpinelle, Strauss. Winter in Rabh., ‘‘ Krypt. Flor.,” 
vol. i.’ p. 212. 

Credo pimpinella, Strauss. ‘“ Wett. Ann.,” vol. il. p. 102. 

cidium bunii, D.C. Grev., “ Flor. Edin.,” p. 445. Berk., 
“Eng. Flor.,” p. 370, in part. 

Aicidium pimpinelle, Kirch. Cooke, “Micro. Fungi,” 4th 
edit., p. 196. 

Uredo heraclei, Grev. Berk., “Eng. Flor.,” vol. v. p. 380. 

Trichobasis heracle. Cooke, “Hdbk.,” p. 502; “Micro. 
Fungi,” 4th edit., p. 225. 

Trichobasis angelica, Schum. Cooke, “ Micro. Fungi,” 4th 
edit., p. 224. 

Trichobasis pimpinella, Strauss. Cooke, “‘ Micro. Fungi,” 4th 
edit., p. 224. 

Puccinia umbelliferarum, D.C. Grev., “Flor. Edin.,” p. 431. 
Berk., “Eng. Flor.,” vol. v. p. 316. Johnst., “ Flor. Berw.,” vol. ii. 
p. 196. Cooke, “‘ Hdbk.,” p. 501, in part. 

Puccinia cherophyllt, Purton, “ Midl. Flor.,” vol. iii., No. 1553. 

Puccinia heracled, Grev., “Scot. Crypt. Flor.,” t. 42. Cooke, 
“ Hdbk.,” p. 502; “ Micro. Fungi,” 4th edit., p. 208. 

Puccinia angelica, Fckl, Cooke, “Micro. Fungi,” 4th edit., 
p. 208. 
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Puccinia pimpinelle, Link. Cooke, ‘“ Micro. Fungi,” 4th edit., 
Pp. 209. 
LExstccatt. 


Vize, “ Micro. Fungi Brit.,” 124, 425. 

On Pimpinella saxtfraga, Heracleum sphondylium, Anthriscus 
sylvestris, Myrrhis odorata. 

May to October. 


Puceinia apii. (Wallr.) 


Acidiospores—Spots rounded or irregular, yellow above, paler 
below, causing elongated yellow swellings on the stems. 
Pseudoperidia subcylindrical, with torn, white, everted edges. 
Spores subglobose, orange-yellow, finely echinulate, about 25. 
in diameter. 

Uredospores—Sori rather large, cinnamon-brown, pulverulent, 
round or elongate, scattered, sometimes circinating. Spores 
globose, oval, or subpyriform, pale brown, finely verrucose, 
30-40 X 20-30, 

Teleutospores—Sori rounded, elongated, or irregular, long covered 
by the epidermis, blackish brown. Spores oval or clavate, 
smooth, dark brown, scarcely constricted, apex not thickened, 
30-50 X 15-204. Pedicels hyaline, rather persistent, not very 
short. 

Synonyms. 


Uredo apii. Wallr., “Flor. Crypt. Germ.,” vol. ii. p. 203. 
Puccinia apit, Corda, “Icones,” vol. vi. p. 30, fig. 11. 


Cooke, “ Hdbk.,” p. 502; “ Micro. Fungi,” 4th edit., p. 208. 
Y6R3 


LExsiccatt. 
Cooke, i. goa. Vize, “ Fungi Brit.,” 54, 127 ; “ Micro. Fungi 
Brit,” 554. 


On Apium graveolens. 
May to September. 


BioLocy.—The aecidiospores occur at the latter part of May, and 
are by no means profuse, although the yellow spots on which they 
occur are very conspicuous. On May 27, 1888, I applied the ecidio- 
spores and uredospores freely to a plant of Prmpznella Saxtfraga in my 
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garden, but without effect. This is the only Uredine affecting the 
Umbelliferze with which I have made any experimental cultures, and 
I have therefore followed Winter and Schréter in grouping the various 
spore-forms together under Puccinia pimpinelle and bullata; but it 
is probable that biological research will show several of them to be 
good species, 


Puccinia menthe. Pers. 


cidiospores—Pseudoperidia immersed, flat, opening irregularly, 
edges torn; principally on the stems, which are much swollen, 
more ‘rarely on concave spots on the leaves. Spores sub- 
globose or polygonal, coarsely granular, pale yellowish, 17-26 
X 26-35p 

Uredospores—Sori small, roundish, soon pulverulent and confluent, 
cinnamon-brown. Spores irregularly rounded or ovate, echinu- 
late, pale brown, 17-28 X r4—19p. 

Teleutospores—Sori black-brown, roundish, pulverulent, Spores 
elliptical, oval, or subglobose, central constriction slight or 
absent, apex with a hyaline or pale brown papilla, verrucose, 
deep brown, 26-35 X 19-234. Pedicels long, delicate, 
colourless. 


Synonyms. 


Puccinia menthe. Pers., “Syn.,” p. 227. Winter in Rabh., 
“ Krypt. Flor.,” vol. i. p. 204. 

cidium mentha, D.C. Berk., “ Eng. Flor.,” vol. v. p. 369. 
Cooke, “ Hdbk.,” p. 544; “ Micro. Fungi,” 4th edit., p. 199. 

Trichobasis labiatarum, Lév. Cooke, “ Hdbk.,” p. 496 ; “Micro. 
Fungi,” 4th edit., p. 224. 

Trichobasis clinopodii, D. C. Cooke, ‘‘Micro. Fungi,” 4th 
edit., p. 224. 

Puccinia clinopodii, D. C. Cooke, ‘ Micro. Fungi,” 4th edit., 
p. 205. 

Puccinia menthe, Pers. Berk., ‘‘ Eng. Flor.,” vol. v. p 364. 
Grev., “Flor. Edin.,” p. 430. Johnst., “Flor. Berw.,” vol. ii. 
p- 195. Cooke, “ Hdbk.,” p. 496; “Micro. Fungi,” 4th edit., 
p. 204, t. iv. figs. 69, 70. 

Uredo menthe. Purton, “Midi. Flor.,” vol. iii, No. 1550. 
Sow., t. 398, fig. 3, sub Aicidium, 
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Uredo labiatarum, D. C. Grev., “Flor. Edin.” p. 436. 
erk., “Eng, Flor.” vol. v. p. 378. Johnst., ‘Flor. Berw.,” 
ol. ii, p. 203. 

LExsiccatt. 

Berk., 217, 232, 233. Cooke, i. 395 ii. 33,60, 444. Vize, 

Fungi Brit,” 14, 15, 75; “ Micro. Fungi Brit.” 


On Mentha rotundifolia, sylvestris, aquatica, arvensis, viridis, 
wiganum vulgare, Calamintha clinopodium. 
May to October. 


BIoOLOGy.—The ecidiospore mycelium: is diffused. and probably. 
srennial —at any rate, lasting for more than one year ;, at least, this 
dpears to be the case with JZ, virddis, which I. have cultivated for a. 
2riod of three years. The mycelium of the uredospores and teleuto- 
dores is purely local. 

Johnoston records this species on Ajuga reptans. 


Pucecinia zgra. Grove 


Ecidiospores—Pseudoperidia on all: green. parts. of the plants, 
scattered, not collected on. swollen roundish or elliptical spots, 
with torn, white, somewhat recurved margins. Spores roundish 
or oblong, angular, smooth, orange-yellow, 17-21 X 14-16p. 

7redospores—Sori numerous, amphigenous, on yellow spots, not 
very small, scattered or collected in groups, roundish, flatly 

onvex, covered with the silvery, shining, persistent epidermis. 
Spores elliptical or obovate, finely echinulate, brown, 28-30p, 

‘leutospores—Sori resembling those of the uredospores. Spores 
elliptical, oblong, or roundish, very irregular, rounded or taper-~ 
ing at the base or apex,.sometimes truncated, smooth, not 
constricted, dark brown, 22-30 X 18-244. Pedicels short,. 
hyaline. 

Synonyms. 
Puccinia agra. Grove, Jour. of Bot., vol. xxi. (1883), p. 274, 
cidium depauperans, Vize. Cooke, “ Micro. Fungi,” 4th 


dit., p. 195, 
: Exsiccati, 


Vize, ‘Micro. Fungi Brit.,” 56. 


On Viola cornuta, lutea var. amena, 
May to September. 
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BIoLocy.—The zcidiospore mycelium is perennial, and the affected 
plants are altered in habit, being paler in colour and more elongated 
in their stems and petioles. The mycelium of the uredospores and 
teleutospores is purely local. 


Puccinia primule. (D.°C.) 


Z:cidiospores—Pseudoperidia hypophyllous, in roundish clusters, 
shortly cylindrical, with whitish torn edges. Spores sub- 
globose, finely echinulate, orange-yellow, 17-23 xX 12-18. 

Uredospores—Sori small, hypogenous, brown or yellowish, rounded, 
pulverulent. Spores ovoid, brown, echinulate, 20-23 x 
15-18, 

Teleutospores—Sori hypogenous, greyish brown. Spores ovate or 
oblong, slightly constricted, apex thickened, smooth, brown, 
22-30 X 15-174. Pedicels short, deciduous. 


Synonyms. 

Puccinia primule (D. C.). Winter in Rabh., “Krypt. Flor.,” 
vol. i.,p. 203. 

Uredo primula. OD. C., “Flore frang.,” vol. vi. p. 68. Berk., 
“Eng. Flor.,” p. 379. Grev., ‘ Flor. Edin.,” p. 435. 

cidium primule,D.C. Berk., ‘Eng. Flor.,” p. 369. Cooke, 
“Hdbk.,” p. §44; “Micro. Fungi,” 4th edit., p. 199. 

Trichobasis primule. Cooke,, “Micro. Fungi,’ 4th edit., 
p. 227. 

Puccinia primule. Grev., “Flor. Edin.” p. 432. Berk., 
“Eng. Flor.,” vol. v. p. 364. Cooke, ‘‘ Hdbk.,” p. 496; “ Micro. 
Fungi,” 4th edit., p. 204. 

Lixsiccate. 

Berk., 343. Cooke, i. 28, 296; ii. 85, 138, 141; “L. F.,” 6. 
Vize, “ Fungi Brit.,” 80, 115 ; “ Micro. Fungi Brit.,” 121, 233, 429. 

On, Primula, officinalis, facchini; 

May to. July. 


Puceinia soldanelle. (D. C.) 
Aisidiospores,— Pseudoperidia hypophyllous, scattered, shortly 
cylindrical, edges toothed. Spores subglobose, polygonal, 
finely granular, yellow, 20-26 x 17-20", Mycelium diffused. 
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Uredospores—Sori brown, scattered irregularly or circinate, often 
confluent, brown. Spores round or ovate, echinulate, brown, 
_ 20-30 X 19-30. 
Teleutospores—Mixed with the uredospores, elliptical or broadly 
constricted, base rounded, apex thickened, smooth, chestnut- 
brown, 35-Sop X 20-354. Pedicels rather long, deciduous. 


Synonyms. 


Pucctinia soldanelle (D. C.). Winterin Rabh., “ Krypt. Flor.,” 
vol. i. p. 202. 

Uredo soldanella. OD. C., “ Flore frang.,” vol. vi. p. 85. 

Ecidium soldanelle, Hornsch. Berk., “Eng. Flor.,” p. 369. 
Cooke, ‘‘ Hdbk.,” p. 537; ‘‘ Micro. Fungi,” 4th edit., p. 195. 


On Soldanella alpina. 


Puccinia sanicule. Grev. 


Aadiospores—Pseudoperidia on purple, thickened spots, hypo- 
genous, cup-shaped, with torn white edges. Spores sub- 
globose, yellow, verrucose, 20-27 in diameter. 

Uredospores—Sori scattered, small, round. Spores roundish or 
clavate, echinulate, brown, 25-40 x 15-26. 

Teleutospores—Sori small, blackish, scattered, pulverulent. Spores 
obtuse, very slightly constricted, apex slightly thickened, 
smooth, brown, 26-45 X 17-26. Pedicels very long, 
colourless, deciduous. 


Synonyms. 


Puccinia sanicule, Grev., “ Flor. Edin.,” p. 431. Berk., 
“Eng. Flor,” vol. v. p. 366. Cooke, ‘“Hdbk.,” p. 503; 
“Micro. Fungi,” 4th edit., p. 208. 

Acidium sanicule, Carm. Cooke, Seem. Jour. Bot., vol. ii. 
p- 39, t 14, fig. 1; “ Hdbk.,” p. 543 ; “ Micro. Fungi,” 4th edit., 
p. 198. 

Lxsiccats. 

Berk., 315. Cooke, i. 14, 413 ii. 136; “L. F.”  Vize, 

“ Micro. Fungi,” 160 ; “ Micro. Fungi Brit.,” 32. 


On Sanicula europea. 
May to October. 
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Puccinia vinex. (D. C.) 


Spermogonia—Scattered over the whole leaf-surface and stems, 
yellow, sweet-scented. 

A cidiospores—Sori pulvinate, not cup-shaped, but discoidal, solid, 
2-3mm. in diameter, dark brown, with a greyish lustre. Spores 
globose, finely echinulate, colourless, ro-12u in diameter. 

Uredospores—Primary : Sori irregular, elongate, crowded, soon 
naked and often confluent, brown, occurring with the spermo- 
gonia and ecidiospores. Secondary: Sori on roundish brown 
spots, brown, long covered by the epidermis. Spores sub- 
globose, or obovate, brown, echinulate, 20-38 x 18-25, 

Teleutospores—Sori small, on discoloured spots, roundish, scattered, 
surrounded by the ruptured epidermis, blackish. Spores 
elliptical or oval, slightly constricted, lower cell sometimes 
attenuated, sometimes rounded, upper cell thickened above, 
often surmounted with a pale papilla, chestnut-brown, verru- 
cose, 38-56 X 17-28. Pedicels rather long, deciduous. 


Synonyms. 

Uredo vince. D. C., “Flore frang.,” vol. vi. p. 70. Berk, 
“Eng. Flor.,” vol. v. p. 378. 

Trichobasis vince, Berk. Cooke, “Micro. Fungi,” 4th edit., 
p. 226, t, vi. figs. 130, 131. 

Puccinia vince, Berk. Cooke, “ Hdbk.,” p. 497; “ Micro. 
Fungi,” 4th edit, p. 205, t. vi. fig. 132. Winter in Rabh., 
“ Krypt. Flor.,” vol. i. p. 187. 


Lixsicatt. 
Berk., 234. Cooke, i. 32; ii. 3, 3313 “L.F.,” 10. Vize, 
“ Micro. Fungi,” 118; “ Micro. Fungi Brit.,” 29, 227. 
ZEcidiospores, March to May; uredospores, May to July; 
teleutospores, July to October, and lasting through the winter. 


On Vinca major. 


BIoLoGY.—The life-history of this species is peculiar. The mycelium 
of the ecidiospores is perennial, and causes the affected plant to pro- 
duce shorter and thickerleaves. The zcidia are not cups, but convex 
or flat sori, more resembling a Coryneum than an ecidium. The 

M 
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spores are colourless, comparatively small, and produced from the 
hyphz in basipetal chains (Plate II. Figs. 11-14). They emit a germ- 
tube, which usually exhibits circumnutatory motions. The primary 
uredospores occur with the zcidiospores, and resemble the secondary 
in form, but are much more profuse. The secondary uredospores and 
teleutospores have localized mycelia (Plow., Gard. Chron., July 25, 
1885, p. 108, figs. 22, 23). 


B. HETERopPUcCINIA. Schrot. 


Spermogonia and zcidiospores on one host-plant ; the uredospores and 
teleutospores on another, belonging to a different genus: 


Puccinia graminis. Pers. 


cidiospores—Spots generally circular, thick, swollen, reddish 
above, yellow below. Pseudoperidia cylindrical, with whitish 
torn edges. Spores subglobose, smooth, orange-yellow, 
15-25 in diameter. 

Uredospores—Sori orange-red, linear, but often confluent, forming 
very long lines on the stems and sheaths, pulverulent. Spores 
elliptical, ovate, or pyriform, with two very marked, nearly oppo- 
site germ-pores, echinulate, orange-yellow, 25-38 x 15-20. 

Teleutospores —Sori persistent, naked, linear, generally forming lines 
on the sheaths and stems, often confluent. Spores fusiform 
or clavate, constricted in the middle, generally attenuated 
below, apex much thickened (8-10), rounded or pointed, 
smooth, chestnut-brown, 35-65 x 15-20. Pedicels long, 
persistent, yellowish brown. 


Synonyms. 


Puccinia graminis. Pers. ‘ Disp. Meth.,” p. 39, t. 3, fig. 3. 
Winter in Rabh., “ Krypt. Flor.,” vol. i. p. 217. Cooke, “ Hdbk.,” 
Pp. 4933. “ Micro. Fungi,” 4th edit, p. 202, t. iv. figs. 57-59. 
Grev., Berk. “Eng. Flor.,” vol. v. p. 363; “Flor. Edin.,” p. 433. 
Johnst., “‘ Flor. Berw.,” vol. ii. p. 195. 

Uredo frumenti. Sow, t. 140. 

Uredo linearis, Pers. Berk. ‘Eng. Flor.,” vol. v. p. 375. 
Grev., “Flor. Edin.” p. 440. Johnst., “Flor. Berw.,” vol. ii. 
p- 198. 
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Trichobasis linearis, Lév. Cooke, “ Micro. Fungi,” 4th edit., 
p- 223, t. vil. figs. 143, 144. 

Eicidium berberidis, Pers. Berk., “ Eng. Flor.,” vol. v. p. 372. 
Grev., t. 97; “Flor. Edin.” p. 446. Johnst., “Flor. Berw.,” 
vol. ii. p. 207. Sow., t. 397, fig. 5. Cooke, ‘““Hdbk.,” p. 538 ; 
“ Micro. Fungi,” 4th edit., p. 195, t. i. figs. 7-9. 


Lixsiccatt, 
Cooke, i. 24, 441; il. 93, 121, 122, 124. Vize, “‘ Micro. 
Fungi Brit.,” 453, 45.6; “Fungi Brit.,” 76, 78. 


fEcidiospores on Berberis vulgaris and Mahonia ilictfolia, 
chiefly on the berries, May to July. 

Teleutospores on Triticum vulgare, repens, Secale cereale, 
Dactylis glomerata, Festuca gigantea, Alopecurus pratensis, Agrostis 
alba, Avena sativa, elatior, July and August, and throughout the 
winter. 


BIOLOGY.—The mycelium of all spore-forms is strictly localized. 
The ecidiospores on the berries of Mahonia ilicéfolial found, in May, 
1883, readily produced the uredospores on wheat in about eight or ten 
days. This is a fungus which varies very much in frequency ; some 
years almost every straw in a wheat-field is affected, in others scarcely 
one can be found attacked. Certain conditions render the wheat plant 
more susceptible to the parasite, foremost amongst which is a too large 
supply of nitrogen, as evinced by the uniformity with which wheat 
plants growing on manure-heaps are attacked with the parasite ; so 
are the plants grown on the ground where a manure-heap has stood, 
and also plants growing where an old ditch has been filled up, although 
perhaps to a less degree. A very thin, or what is termed in some 
parts of England “a gathering crop,” one in which the plants are far 
apart, and which consequently throw out a large number of lateral 
shoots, is also liable to become affected by the parasite. It is interesting 
to remark that a Puccinia occurs on Geréerts glauca in Chili, which 
is accompanied by an Accidium. Insome parts of Europe an Aicidium, 
having a perennial mycelium (4. magelhenicum, Berk. in Hooker’s 
“Flor. Antarctica,” pp. 1, 2. London: 1844-1847), occurs on Berberis 
vulgaris, which has been shown by Magnus to have a distinct life- 
history. 


Puccinia coronata. Corda. 


Acidiospores—Pseudoperidia often on very large orange swell- 
ings, causing great distortions on the leaves and peduncles, 
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cylindrical, with whitish torn edges. Spores subglobose, very 
finely verrucose, orange-yellow, 15-25 X 12-18. 

Uredospores—Sori orange, pulverulent, elongated or linear, often 
confluent. Spores globose or ovate, with three or four germ- 
pores, echinulate, orange-yellow, 20-28 X 1520p. 

Teleutospores—Sori, persistent, black, linear, often confluent, long 
covered by the epidermis. Spores subcylindrical or cuneiform, 
attenuated below, constriction slight or absent, apex truncate, 
somewhat thickened, with six or seven curved blunt processes, 
brown, 40-60 X 12-20. Pedicels short, thick. 


Synonyms. 


Puccinia coronata. Corda, “‘Icones,” vol. i. p. 6, t. ii. fig. 96. 
Winter in Rabh., “ Krypt. Flor.,” vol. i p. 218, Schrot., “ Krypt. 
Flor. Schl.,” p. 323. Cooke, ‘‘Hdbk.,” p. 494; “ Micro. Fungi,” 
4th edit., p. 203, t. iv. figs. 60-62. 

Aicidium crassum, Pers, Berk., “ Eng. Flor.,” vol. v. p. 373- 
Pers., “Ic. et Descrip.,” t. 10, figs. 1, 2. Cooke, “Hdbk.,” 

538; “ Micro. Fungi,” 4th edit., p. 196. 

Aicdium rhamni. Pers., “ Obs.,” t. 2, fig. 4. Purton, “ Midl. 

Flor.,” vol. iii, No. 1538. 


Exsiccatt, 


Berk., t10. Cooke, i. 7, 26; i. 94,95; “L. F.,” 53. Vize, 
“‘ Micro, Fungi,” 116, 155; “ Micro. Fungi Brit.,” 210, 234. 


Ecidiospores on Rhamnus frangula and catharticus, May and 
June. 


Teleutospores on Aolcus mollis, Avena elatior, sativa, Festuca 
sylvatica, Lolium perenne, Dactylis glomerata, July to September, 
and throughout the winter. 


B1oLoGY.—Nielsen found that when the ecidiospores from Rham- 
nus frangula and cathartica were placed on Lolium perenne, the latter 
only gave rise to uredospores, and that these uredospores, put on 
Avena sativa, reproduced the uredospores and subsequently the teleu- 
tospores of P. coronata. I have found, by numerous cultures, that the 
teleutospores from Dactylis glomerata and Festuca sylvatica readily 
produced the zcidium on &. frangula, but I have failed to produce 
on &. frangula the zecidium from the teleutospores on Lolium perenne. 
I think two species are confounded under the name P. coronata. As 


Fleteropuccinia. 165 


this fungus occurs on Lolium perenne, which it does abundantly in 
this neighbourhood, it is accompanied by a profuse development of 
uredospores, and only in the autumn, from September to November ; 
whereas the P. coronata on Dactylis is an early summer species, with 
a much less free development of uredospores. P. coronata is dis- 
tinguished from all other British species by its coronate teleutospores, 
which are surmounted by a crown of digitate processes ; these, being 
outgrowths of the spore-membrane, and not of the epispore, are dark 
brown in colour. What their precise function may be is unknown, 
but they appear, for one thing, to hold the spores together, so that they 
may be regarded in part as organs of attachment. Sometimes these 
processes are not confined to the summit of the spore, but extend 
downwards, gradually becoming smaller, as far as the septum. Such. 
spores show the transition towards the American species, P. acu/eata, 
Schw. Winter has described a coronate Uromyces, U. digifata, from 
South Australia; and Ellis an American Puccinia, P. digztata, on 
Rhamnus crocea from California. 


Puccinia sessilis. Schneider. 


Aicidiospores—Pseudoperidia on pale roundish or elongated spots, 
circinating, cup-shaped, with broad, torn white edges. Spores 
subglobose, smooth, orange-yellow, 18-25 x 13-20. 

Uredospores—Sori small, elliptical or linear, scattered, yellowish- 
brown. Spores roundish or elliptical, echinulate, pale brown, 

20-28 X 20-23y, without paraphyses. , 

Teleutospores—Sori very small, linear, numerous, covered by the 
epidermis, black, scattered or in linear series. Spores oblong 
or wedge-shaped, apex slightly thickened, generally truncate, 
base attenuated, lower cell often paler, central constriction 
slight, smooth, brown, 25-40 X 15-204. Pedicels very short 
or absent. 


Synonyms. 


Puccinia sessilis, Schneider. Schrot., “ Brandp.,” p. 119. 
Winter in Rabh., “ Krypt. Flor.,” vol. i. p. 222. 

Puccinia linearis, Rob. Cooke, “ Micro. Fungi,” 4th edit., 
p. 203. 

Acidium allii, Grev., “ Flor. Edin.,” p. 447. Berk., “‘ Eng. 
Flor.,” vol. v. p. 369. Cooke, “ Hdbk.,” p. 545; “ Micro. 
Fungi,” 4th edit., p. 200. Johnst., “ Flor. Berw.,” vol. ii. p. 207. 
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LExsiccatt. 
Cooke, i. 16. Vize, “ Micro. Fungi Brit.,” 59, 322. 


4Ecidiospores on Alum ursinum, June and July. 
Teleutospores on Phalaris arundinacea, from August, throughout 
the winter. 


BioLocy. — The life-history of this fungus was worked out by 
Winter. I have been able to repeat Winter’s culture of P. sesst/zs 
by placing the germinating teleutospores which Mr. Soppitt sent me 
in 1888 on Aldium ursinum and Arum maculatum. On the first- 
named plant they produced the acidium, but they had no effect upon 
the Arum. 


Pueccinia phalaridis. Plow. 


cidiospores—Pseudoperidia mostly hypophyllous, in circular 
clusters on yellowish spots, not very prominent, with whitish 
torn edges. Spermogonia appearing first on the upper surface 
of the leaf, centrally then surrounded by the cups. Spores 
roundish, echinulate, orange-yellow, 20-254 in diameter. 

Uredospores—Sori orange, small, elongated, oval, oblong or linear, 
sometimes confluent, at length naked. Spores subglobose or 
oval, yellow, echinulate, 20-25 in diameter. 

Teleutospores—Sori minute, punctate or linear, black, covered by 
the epidermis, persistent. Spores smooth, brown, sessile, 
quadrate or attenuated below, truncate or rounded above, 
apex thickened, sometimes obliquely hooded, slightly con- 
stricted, 4o-50 X 15-18. Pedicels very short. 


Synonyms. 
cidium art, Desm., “ Catal. des Plant. omiss” (1823), p. 26. 
Cooke, “Hdbk.,” p. 545; ‘Micro. Fungi,” 4th edit. p. 199. 
Berk., “‘ Eng. Flor.,” vol. v. p. 369. 
Puccinia phatlaridis. Plow., Jour. Linn. Soc., vol. xxxiv. p. 88. 


Lxsiccate. 


Cooke, 1.5345 il, 84. Vize, “ Micro. Fungi Brit.,” 165, 559. 

fEcidiospores on Arum maculatum, L., May and June. 

Uredospores, teleutospores, on Phalaris arundinacea, L., June 
and July, and from July to May. 
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BIOLOGY.—The teleutospores are surrounded by a bed of dark- 
brown tissue, the individual fibres of which are not easily demon- 
strable. Numerous cultures in 1885-6 proved the connection be- 
tween the £ccdium ari and this Puccinia. The teleutospores of this 
species placed on Alkum ursinum produce no effect. 


Puceinia rubigo-vera. (D. C.) 


A cidiospores—Spots large, generally circular, discoloured, gene- 
rally crowded. Pseudoperidia flat, broad, with torn white 
edges. Spores subglobose, verrucose, orange-yellow, 20-254 
in diameter. 

Uredospores—Sori oblong or linear, scattered, yellow, pulverulent. 
Spores mostly round or ovate, echinulate, with three or four 
germ-pores, yellow, 20-30 X 17-24". 

Teleutospores—Sori small, oval, or linear, black, covered by epi- 
dermis, surrounded by a thick bed of brown paraphyses. 
Spores oblong or elongate, cuneiform, slightly constricted, 
‘the lower cell generally attenuated, apex thickened, truncate 
or often obliquely conical. Spores smooth, brown, variable in 
size, 40-60 X 15-204. Pedicels short. 


SYNONYMS. 


Puccinia rubigo-vera (D. C.). Winter in Rabh., “ Krypt. 
Flor.,” vol. i. p. 217. 

Uredo rubigo-vera, D. C., “Flore frang.,” vol. vi. p. 83. 
Berk., “‘ Eng. Flor.,” vol. v. p. 375. 

Trichobasis -rubigo-vera, Lév. ,Cooke, “‘ Micro. Fungi,” 4th 
edit., p. 222, t. viii. figs. 140-142. 

Trichobasis glumarum, Lév. Berk., “ Outl,” p. 332. Cooke, 
“ Hdbk.,” p. 529; “ Micro. Fungi,” 4th edit. p. 223. 

Puccinia straminis, De Bary. Cooke, “ Micro, Fungi,” 4th 
edit., p. 202. 

Atcidium asperifolit, Pers. Cooke, “‘ Hdbk.,” p. 541 ; “ Micro. 
Fungi,” 4th edit., p. 197. 


LExsiccati. 
Cooke, i. 325; ii. 48. Vize, ‘ Fungi Brit,” 7; “ Micro. Fungi 
Brit.,” 431, 440, 441. 
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ZEcidiospores on Anchusa arvensis, Echium vulgare, September 
1 October. 

Teleutospores on Bromus mollis, Triticum vulgare, repens, 
tuum, Secale cereale, Hordeum vulgare, Holcus lanatus, mollis, 
ena sativa, elatior, from November to August. 


BIOLOGY.—Mesospores are not uncommonly mixed with the normal 
sutospores, especially when the fungus occurs on any of the genus 
rdeum = var. s¢mplex, Kornicke, and P. anxomala, Rost. The 
sospores are about 45 long. The teleutospores germinate in the 
umn of the year in which they are produced ; hence the zcidium is 
be found on Anchusa arvensis in September and October. The 
wwledge of this fact only came recently under my notice. In’ 1885, 
uid a bundle of wheat straw affected with P. rudigo-vera in my 
den, near some plants of Anchusa, in August, with the intention of 
ng some cultures in the following spring. In September, I found 
ny surprise the ecidium appearing on the Anchusa. This was the 
re remarkable, because I had never previously found the zcidium, 
1 the plants of Anchusa had been growing all the year in the garden 
fectly healthy. The uredospores are exceedingly abundant in 
ing, on wheat plants, in many parts of England, but the Puccinia, 
ike P. graminis, has very little prejudicial effect upon the crop. 
‘Isen also finds P. rudigo-vera germinates in autumn. It is very 
sible that more than one species is included under P. rudbigo-vera. 


Puccinia poarum. Nielsen. 


wdtospores—Spots yellow above, often surrounded by a violet 
margin, slightly thickened, concave. Pseudoperidia flat, with 
whitish torn edges. Spores subglobose, finely echinulate, 
orange-yellow, 18-24 X 15-18 in diameter. 

edospores—Sori small, round or elliptical, orange. Spores 
spherical or elliptical, echinulate, yellow, 20-30 in diameter. 
Without paraphyses. 

eutospores—Sori small, black, persistent, usually circinating, 
covered by the epidermis. Spores elliptical or clavate, very 
variable, apex flattened or conically thickened, dark brown, 
35-45 X 18-254. Pedicels very short, persistent, brownish. 


Synonyms. 
Puccinia poarum, Nielsen, “Bot. Tids.,” vol. ii. p. 26. 
nter in Rabh., ‘ Krypt. Flor.,” vol. i. p. 220, 
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cidium compositarum, Matt., var. tussilaginis, Pers. Cooke, 
“ Hdbk.,” p. 542; “Micro. Fungi,” 4th edit, p. 198 Berk., 
“Eng. Flor.,” vol. v. p. 370, in part. Sow., t. 397, fig. 1. Grev., 
“Flor. Edin.,” p. 447. Johnst., “Flor. Berw.,” vol. i. p. 207, 
in part. 

Exxsiccats. 

Cooke, i. 12; ii, 89. Vize, “Fungi Brit.” 70; “L. F.,” 58. 

ZEcidiospores on Tussilago farfara, June and July; October 
and November, 

Teleutospores on Foa trivialis, pratensis, nemoralis, and annua, 
but rarely on the latter, July and August, October to December. 


BIOLOGY. — Schréter states that between the uredospores are 
numerous stiff, capitate paraphyses. The teleutospores germinate 
after a very short period of rest, and produce generally two crops of 
zcidia in spring and autumn. In 1882, I found the zcidiospores 
produced the ‘uredospores on Poa annua in ten or twelve days. 


Puccinia caricis. (Schum.). 


A:cidiospores—On roundish yellow spots on the leaves, and elon- 
gated swellings on the stems, causing much thickening and 
distortion. Pseudoperidia flat, broad, with torn white edges. 
Spores subglobose, very finely verrucose, orange-yellow, 15- 
25 in diameter. 

Uredospores—Sori small, brown, linear, often confluent in long 
lines, Spores ovate or elliptical, yellowish brown, echinulate, 
20-30 X 15-25. 

Teleutospores—Sori dark brown, linear, often confluent in long 
lines. Spores elongate, oblong, or clavate, persistent, apex 
truncate or rounded, much thickened, base attenuated, smooth, 
brown, 40-70 X 14-20. Pedicels short, brownish, persistent. 


Synonyms. 

Puccinia caricis, Schum. Winter in Rabh., “ Krypt. Flor.,” 
vol. i. p. 222. 

Oredo caricis. Schum., “ Enum. Plant. Sell.,” vol. ii. p. 231. 
Berk., ‘Eng. Flor.,” vol. v. p. 376. Grev., t. 12; ‘Flor. Edin.,” 
p- 437, sub U. oblongata. 

Puccinia caricina, Grev., “ Flor. Edin.,” p. 433- 
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Trichobasis caricina, Berk. Cooke, “‘ Hdbk.,” p. 493; “ Micro. 
Fungi,” 4th edit., p. 223, t. vill. figs. 170, 171. 

Puccinia striola, Link. Cooke, “‘ Hdbk.,” p. 493; ‘‘ Micro. 
Fungi,” 4th edit., p. 203. Berk., ‘“‘ Eng. Flor.,” vol. v. p. 363. 

icidium urtice, D.C. Berk., “Eng. Flor.,” vol. v. p. 374. 
Grev., “Flor. Edin.,” p. 445. Johnst., ‘‘ Flor. Berw.,” vol. ii. 
p. 206. Purton, ‘‘ Midl. Flor.,” vol. iii. p. 294. Cooke, “ Hdbk.,” 
p. 541; “ Micro. Fungi,” 4th edit., p. 197, t. i. figs. r0, a1. 


Exxstecatt. 


Berk., 112. Cooke, i. 67, 634; ii. 86, 317, 634; “L. F.,” 33, 
35. Vize, “Fungi Brit,” tar, 159; “Micro. Fungi Brit.,” 
220, 235. 


AEcidiospores on Urtica dioica, May and June. 
Teleutospores on Carex hirta, riparia, paludosa, binervis, July 
to April. 


BioLoGy.—In many cultures I have found the teleutospores from 
Carex hirta produce the zcidiospores on Urtica dioica, and the zecidio- 
spores produce the uredospores in from eight to fourteen days. It is 
interesting to note that Surgeon-Major Barclay has described a Lepto- 
puccinia on Urtica parvifolia in India (“ Scientific Memoirs by Medical 
Officers of the Army in India” (1887), p. Io, t. v. figs. 18, 19). 


Puccinia arenariicola. Plow. 


Aividiospores—Spots circular on the leaves, elongated on the 
stems, yellow, surrounded bya purple margin. Pseudoperidia 
mostly hypophyllous, rarely epiphyllous, edges whitish, promi- 
nent, torn, everted. Spores subglobose or polygonal, nearly 
smooth, yellow, 15-20 in diameter. 

Uredospores—Sori brown, erumpent, linear or oblong, about 5 mm. 
long, surrounded by the torn epidermis, seated on yellowish 
spots. Spores globose or ovate, brown, finely echinulate, 
18-20 in diameter. 

Teleutospores—Sori small, black, naked, persistent, linear or 
elongate, mostly hypophyllous. Spores smooth, dark brown, 
oblong or cuneiform, the upper cell usually darker, rounded, 
and thickened above, lower cell somewhat attenuated, con- 
striction slight, 40-50 x 20n. Pedicels long, persistent. 
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Synonym. 
Puccinia arenariicola. Plow., Jour. Linn. Soc. Bot., vol. xxiv. 
p- 90. Vize, ‘“ Micro, Fungi Brit.” (1888), 549. 
Ecidiospores on Cenfaurea nigra, L., May and June. 
Uredospores, teleutospores, on Carex arenaria, L., July to May. 


On the seashore at Hemsby, Norfolk. 


BIoLoGy.—The above life-history was worked out by a series of 
cultures (1885), by which it was proved that this species is distinct 
from the other Puccinize on Carices, P. scheleriana and caricis, for 
details of which see Linm. Soc. Four. Bot., vol. xxiv. pp. 90-93. 

This may be the Puccinda tenudstipes, Rost. (Schrot., “ Krypt. Flor. 
von Schlesien,” vol. iii. p. 329) on C. muricata, which has its zcidio- 
spores on Centaurea jacea. 


Puccinia scheleriana. Plow. and Mag. 


icidiospores—Spots yellow, circular, mostly on the radical leaves. 
Pseudoperidia hypophyllous, with reflected torn edges, spermo- 
gonia on the upper surface of the leaves. Spores rounded, 
yellow, finely echinulate, 15-20, in diameter. 

Uredospores—Spots yellow, pallid. Sori elongated or subrotund, sur- 
rounded by the torn epidermis, brown, generally hypophyllous. 
Spores subglobose or ovate, yellowish brown, 25-30 X 14-20. 

Teleutospores—Sori erumpent, oblong or elongate, large, prominent, 
persistent, black, hypophyllous, naked. Spores slightly con- 
stricted, upper cell subglobose, ovate or attenuated upwards, 
apex much thickened, rounded or pointed, lower cell cunei- 
form, often paler than the upper, rich brown, smooth, 60— 
80 X 15-204, Pedicels long, firm. 


Synonyms. 
Puccinia scheleriana. Plow and Mag., Quart. Jour. Micro. 
sSctence, vol. Xxv., new series, p. 170, 
Ecidium jacobee, Grev., “Flor. Edin.,” p. 445. 
icidium compositarum, Mart. Cooke, “ Hdbk.,” p. 542; 
“ Micro, Fungi,” 4th edit., p. 198. 


Lixsiccati. 
Vize, “‘ Micro. Fungi,” 156; ‘Micro. Fungi Brit.,” 434. 
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Aicidiospores on Senecio jacobea, May and June. 
Uredospores and teleutospores on Carex arenaria, July to May. 


BIOLOGY.—The life-history of this species was worked out in a 
series of numerous cultures, by which it proved to be distinct not only 
from P. caric’s, but also from P. avenariicola, for the details of which 
see Quart. Four. Micro. Science, vol. xxv., new series, pp. 167 and 
170; and also Linn. Four. Soc. Bot., vol. xxiv. pp. 90-93. It has been 
found by me at North Wootton, Norfolk ; at Skegness, Lincolnshire ; 
and by Professor J. W. H. Trail near Aberdeen. 


Puccinia sylvatica. Schrot. 


cidiospores—Pseudoperidia on round or elongate patches, which 
are often surrounded by a violet margin, crowded, short, with 
white torn edges. Spores polygonal, smooth, orange-yellow, 
14-21 in diameter. : 

Oredospores—Sori small, scattered, dark brown. Spores globose, 
elliptical, or ovate, brown, echinulate, 22-26 X 15—22p. 

Teleutospores—Sori small, round, persistent, pulvinate. Spores 
clavate, apex much thickened, 6-8, rounded, base ‘attenuated, 
somewhat constricted, 35-44 % 12-20. Pedicels persistent, 
about the length of the spores. 


Synonyms. 

Puccinia sylvatica. Schrot., “ Cohn’s Beitrage,” vol. iii. p. 68. 
Winter in Rabh., “ Krypt. Flor.,” vol. i. p. 223. 

Aicidium compositarum, Mart., var. Taraxaci. Grev., “ Flor. 
Edin.,” p. 444. Cooke, ‘“ Hdbk.,” p. 542; ‘Micro. Fungi,” 
4th edit. p. 198, in part. 

Exsiccats. 

Vize, “‘ Micro. Fungi,” 166. 


fEcidiospores on Taraxacum officinale, June and July. 

Uredospores and teleutospores on Carex divulsa, brizoides, 
precox, leporina, remota, rigida, pallescens, panicea, ericetorum, 
pilulifera, flava. 


BIOLOGY.—The admission of this species into the British flora 
requires confirmation, as the teleutospores have not yet been found in 
this country. Mr. Grove also thinks that there are two ecidia on 
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Taraxacum, one of which belongs to P. variabilzs, and the other to 
P. sylvatica 

The two zcidia on Taraxacum have both been found by Mr. Soppitt, 
who kindly sent me specimens ; one has numerous small clusters of 
pseudoperidia scattered over the leaves = 4c. grevillei, Grove. This 
Mr. Soppitt laid upon a plant of Taraxacum, and in a fortnight he 
found the Taraxacum affected with Puccinia. I have repeated this 
experiment with zcidiospores found near King’s Lynn with success. 

In the other zcidium (P. sy/vatice) the pseudoperidium occurs in 
large clusters, and is the one described above. 

The teleutospore host-plants are those given by Schriter in Cohn’s 
“Krypt. Flor. von Schlesien,” vol. iii. p. 328, 


Puccinia dioice. Magnus. 


icidiospores—Spermogonia in small crowded groups, yellow. 
Pseudoperidia in one or many circles, crowded on roundish 
spots, flat, with torn white edges. Spores orange-yellow, as 
much as 25 in diameter. 

Uredospores—Sori small, chestnut-brown, roundish. Spores glo- 
bose, elliptical, or ovate, as much as 25m long, pale brown, 
echinulate. 

Teleutospores—Sori thick, roundish, persistent, black, pulvinate. 
Spores clavate, apex much thickened, rounded or pointed, 
constriction slight, base attenuated, smooth, brown, 
35-55 X 17-20. Pedicels persistent, 40 long. 


SYNONYMS. 


Puccinia dioica, Magnus, Tagebl. der Naturf, vers. zu Miinchen 
(1877), p. 200. Schrot., “ Krypt. Flor. Schl.,” Pp. 329. 
Hadium cirsit, WD. C., “ Flore frang.,” vol. v. Pp. 94. 


AEcidiospores on Carduus palustris, July—Professor J. W. H. 
Trail. 


Teleutospores on Carex dioica, davalliana. 


BioLocy.—Schréter worked out the biology of this species in 
1880 (“Krypt. Flor. Schl.,” vol. iii. p. 330), by placing the teleuto- 
spores of P, dioice on Cirsium oleraceum. Johanson and Rostrup, in 
June, 1883, during an excursion in Jutland, found the ecidium on 
C. palustris, lanceolatum, and arvense, growing in company with 
P. dioice. The teleutospores have not at present been found in 
Britain, but Professor Trail found the zecidiospores in July. 
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Puccinia paludosa. Plow. 


icidiospores—Pseudoperidia irregularly clustered on the leaves, 
petioles, peduncles, stems, and sometimes even on the calices, 
sub-immersed, with torn white edges. Spores subglobose, 
echinulate, hyaline, with orange contents, 15-28 X r1o-16p. 

Uredospores—Sori small, oval or elongated, on yellowish spots, 
light brown, soon naked, and pulverulent. Spores round, 
rarely oval, brown, rough with small, sharply pointed, not 
very numerous warts, 20-25y. 

Teleutospores—Sori small, oval or elongate, rarely roundish, often 
in linear series, black, naked. Spores, upper cell rounded and 
thickened above, often obliquely, lower cell subcylindrical or 
cuneiform, constriction rather marked, smooth, dark brown, 
50-60 x 18-204. Pedicels rather long, brownish, persistent. 


Synonyms. 
Aicidium pedicularis. Wibosch., “ Mém. de Moscou,” vol. v. 
p- 76, t. 5, fig. 1. Berk, Ann. Mat Hist, No. 254. Cooke, 
** Hdbk.,” p. 544; ‘‘ Micro. Fungi,” 4th edit., p. 199. 
Puccinia caricis. Rabh., Fung. Europ., No. 1589. 


LExsiccati. 
Cooke, i. 105. Vize, “Fungi Brit,” 168; ‘ Micro. Fungi 
Brit.,” 555,557. Rabh., 1589. 


fEcidiospores on Pedicularis palustris, June and July. 
Uredospores on Carex vulgaris, stricta, fulva, and panicea (2), 
July and August ; teleutospores, August to June. 


BioLocy.—In June, 1888, I found the zcidiospores at Irstead, 
Norfolk, in company with the last year’s teleutospores. The latter 
germinated freely, and, when applied to Pedicularis palustris, give rise 
to the ascidiospores. Conversely, the zcidiospores, applied to Carex 
vulgaris, give rise to the uredospores and teleutospores. Professor 
Trail has found this species in Orkney. 


Pucecinia obscura. Schrot. 

4 cidiospores—Pseudoperidia on large roundish or elongate dis- 
coloured spots, mostly epiphyllous, shortly cylindrical, with 
torn white edges. Spores irregularly globose, finely echinu- 
late, 18-20 in diameter. 
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Uredospores—Sori oval or linear, generally surrounded by a red 
margin, long covered by the epidermis, yellow. Spores orange, 
spherical, elliptical, or ovate, echinulate, 19-26 X 17-20. 

Teleutospores—Sori elliptical or elongate, pulvinate. Spores 
oblong, clavate, apex rounded, truncate or conical, thickened 
(5-9), base attenuated, somewhat constricted in the middle, 
brown, smooth, 30-45 X 14-204. Pedicels rather long, per- 
sistent. Miesospores clavate, pretty abundant. 


Synonyms. 


Puccinia obscura. Schrot. in Muov. Giorn. Bot. Ital. vol. ix. 


p. 256. “Krypt. Flor.,” vol. iii. p. 330. Plow., Jour. Linn. Soc. 
Bot., vol. XxX. pp. 511, 512. 


Aicidium compositarum, Mart., var. bellidis, D. C. Cooke, 
“ Hdbk.,” p. 543. 
E-xsiccati. 
Berk., 225. Cooke, i. 327; i go; “L. F.,” 57. Vize, 
‘Micro, Fungi,” 156. 
fEcidiospores on Bellis perennis, October to December. 


Uredospores and teleutospores, on Luzula campestris, L., June 
to November. 


BioLoGy.—The teleutospores are not formed until] August or 
September, and germinate after a very short period of rest. The life- 
history was first worked out in November, 1883, and June, 1884. 
Further cultures were made in 1887. 


Puccinia phragmitis. (Schum.) 


Acidiospores—Pseudoperidia on circular red spots (‘5 to 1°5 cm. 
in diameter), shallow, edges white, torn. Spores white, sub- 
globose, echinulate, 15-26 in diameter. 

Uredospores—Sori rather large, dark brown, elliptical, pulverulent, 
without paraphyses. Spores. ovate or elliptical, echinulate, 
brown, 25-35 X 15-23. 

Teleutospores—Sori large, long, sooty black, thick, often confluent. 
Spores elliptical, rounded at both ends, markedly constricted 
in the middle, dark blackish brown, smooth, 45-65 x 16-25. 
Pedicels very long, 150-200 X 5-8y, yellowish, firmly attached. 
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Synonyms. 

Puccinia phragmitis (Schum.). Schrot., “ Krypt. Flor.,” vol. iii. 
P. 331. 

Uredo phragmitis. Schum., “Enum. Plant. Szll.,” vol. ii, 
p- 231. 

Puccinia arundinacea, Hedw. Cooke, “Hdbk.,” p. 491; 
“Micro. Fungi,” 4th edit., p. 202. 

Acidium rumicis, Pers. Purton, vol. tii., No. 1540, t. 26. 

Atvidium rubellum, Pers. Sow., t. 405. Grev., ‘ Flor. Edin.,” 
p. 447. Berk., “Eng. Flor.,” vol. v. p. 369, t. 26. Cooke, 
“ Hdbk.,” p. 5443; “ Micro. Fungi,” 4th edit. p. 199. 


Exsiccati. 


Cooke, i. 15, 25; il. 81, 123; “L. F,” 59. Vize, “ Micro. 
Fungi Brit.,” 161, 438, 439; ‘“ Fungi Brit.,” 124. 


fEcidiospores on Rumex conglomeratus, obtusifolius, crispus, 
hydrolapathum, Rheum officinale, May and June. 

Uredospores and teleutospores on Phragmites communis, July 
to May. 


BioLoGy.—The life-history of this fungus has been the subject of 
considerable confusion, owing to its having been confounded with 
P. magnusiana, In a series of more than thirty cultures, made during 
the years 1882 and 1883, it was proved that P. phragmiitzs has its 
zecidiospores on the above-named Rumices and Rheum, and it was, 
moreover, shown by several serial cultures that it does not affect 
Rumex acetosa. For details, see Proc. Royal Soc., No. 228, 1883, 
pp. 47-50; and Quar. Four. Micro. Science, vol. xxv., new series, 
pp. 156-161. 


Puccinia trailii. Plow. 


Aicidiospores—Spots rounded, often irregular, purple-red, sur- 
rounded by a yellow margin. Pseudoperidia cup-shaped, 
wide, with torn, white, everted edges. Spores round, oval, or 
irregular, white, finely echinulate, 20-40 in diameter, 

Uredospores—Sori rather large, elliptical or elongate, reddish 

brown, pulverulent, amphigenous, without paraphyses. Spores 
oval, subpyriform, sometimes nearly globose, brown, echinu- 
late, 25-35 X 20-25, 
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Teleutospores—Sori blackish, large (2-4 mm. long by °5 mm, high), 
compact, pulvinate, elongate, with numerous smaller ones scat- 
tered between. Spores oval, fusiform, or subcylindrical, 
brown, granular, markedly constricted. Upper cell slightly 
thickened above, rounded above and below, lower cell similar 
in form, but more attenuated below, 50-60 X 20-23y. 
Pedicels brown, stout, persistent, 75-100 X 6-8p. 


Synonyms. 
Ecidium rumicis, Grev., in part. 
cidium rubellum, Pers., in part. 
Puccinia phragmitis (Schum.), in part. 


Ecidiospores on Rumex acetosa. 

Uredospores and teleutospores on Phragmites communis, 

Ecidiospores, May and June; uredospores, July and August ; 
teleutospores, August to June. 


BIoLOGy.—While studying the life-history of Puccinta phragmitis 
and magnustana, 1 became convinced that a third species occurred 
upon the common reed, which had its zecidiospores on Rumex acetosa. 
Professor Trail was fortunate enough to find near Aberdeen a Puccinia 
on reed, and in close proximity to it the AXcidium on A. acefosa, and, 
although other Rumices were growing equally near, none of them had 
the zecidiospores on them. From specimens he was kind enough to 
send me in July, 1888, the above descriptions have been drawn up. 
The teleutospores, while closely resembling those of P. phragmitzs, 
differ in having a granular spore-membrane, and in being borne on 
stouter pedicels. The last year’s teleutospores collected by him in 
June and July were found to germinate freely, and on July 29 were 
applied to R. acetosa and crispus (Exp. 950, 951), and on August 1 to 
R. acetosa, crispus, obtusifolia, and Rheum officinale. The zcidio- 
spores were produced in due course upon A. acetosa, but not upon the 
other plants. 


Puccinia magnusiana. Korn. 


cidiospores—Pseudoperidia in small circular groups on the 
leaves, mostly hypophyllous, with everted, toothed, whitish 
edges. Spores subglobose, 15-254 in diameter. 
Uredospores—Sori orange-brown, small, elliptical or linear. Spores 
globose, ovate or elliptical, finely echinulate, orange-yellow, 
N 
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21-35 X 12~20m, intermixed with great numbers of hyaline, 
clavate paraphyses. 

Zeleutospores—Sori black, persistent, very numerous, small, 
scattered, elliptical or linear, on the stems and sheaths con- 
fluent into very long, black lines. Spores oblong or clavate, 
base attenuated, apex much thickened, rounded and darker, 
truncate or sometimes conical, constriction slight, chestnut- 
brown, 30-55 X 16-264. Pedicels firm, about the length of 
the spores. 


Synonyms. 


Puctinia magnusiana. Kornicke, “ Hedwigia” (1876), p. 179. ; 
Winter in Rabh., “ Krypt. Flor.,” vol. i. p. 221. 

Fucctinia graminis, Pers., var. arundinis. Cooke, “ Hdbk.,” 

_P. 493.3 “ Micro, Fungi,” 4th edit., p. 202. Berk., “ Eng. Flor.,” 
vol. v. p. 363. Grev., ‘Flor. Edin,” p. 433. Johnst., “ Flor. 
Berw.,” vol. il. p. 195. 

Acidium ranunculacearum, D.C. Cooke, “ Hdbk.,” p. 539; 
‘Micro. Fungi,” 4th edit., p. 196, in part. Berk., “ Eng. Flor.,” 
vol. v. p. 370. Grev., “Flor. Edin,” p. 446. Johnst., ‘ Flor. 
Berw.,” vol. ii. p. 206, in part. 


Exsiccatt. 
Vize, ‘Micro. Fungi Brit.,” 560. 


fEcidiospores on Ranunculus repens and bulbosa, April to 
June. 


Uredospores and teleutospores on Phragmites communis, June 
to April. 


BIOLOGY.—The life-history of this fungus was worked out by a 
long series of cultures, more than fifty in number ; for the details of 
which, see Quar. Four. Micro. Science, vol. xxv., new series, pp. 156- 
161. These included the sowing of the promycelial spores on 
barberry, which was without result 3 on various Ranunculi, which was 
also without result, excepting upon R. repens and bulbosa, and the 
converse cultures of the zecidiospores on Phragmites. No result was 
obtained on Rumex conglomeratus, obtusifolium, crispus, hydrola- 
pathum, nor on Rheum. 
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Puccinia moliniz. Tul. 


Acidiospores—Pseudoperidia on round discoloured spots, flat, 
with torn, white edges. Spores subglobose, finely verrucose, 
orange-yellow, 17-25 X 15-21. 

Uredospores—Sori chestnut-brown, elliptical or linear, often con- 
fluent. Spores globose or shortly elliptical, very thickly but 
finely echinulate, yellowish brown, 24-28, in diameter. 

Teleutospores—Sori black-brown, elliptical or linear, pulvinate, 
naked, often confluent. Spores elliptical, central constriction, 
slight, base rounded, apex rounded, much thickened, smooth, 
brown, 30-56 X 20-264. Pedicels brownish, permanent, very 
long (100p). 

Synonyms. 

Puccinia molinie. Tul., Mem. Ured. Ann. Sc. Nat., series iv., 
vol. ii. p. 141. Winter in Rabh., “Krypt. Flor.,” vol. i. p. 219. 
Cooke, “ Micro. Fungi,” 4th edit., p. 203. 

Aicidium orchidearum, Field. Cooke, “ Hdbk.,” p. 545; 
“ Micro. Fungi,” 4th edit., p. 200. 


Exsiccati. 
Cooke, i. 106. Vize, “ Micro. Fungi Brit.,” 558 (?). 
Ecidiospores on Orchis latifolia, May and June. 
Uredospores and teleutospores on Molinia caerulea, July to 
October. 


BIoLoGy.—The life-history was worked out by Rostrup, and 
while there is no reason to doubt the accuracy of his conclusions, yet 
I was unable to produce the uredospores on M7. cerulea from the 
zecidiospores on O. latifolva from Irstead. Neither have I been able 
to find P. molinée at Irstead, although the Aicidium is abundant there 
during May and June on O. /atifolia. It is therefore probable that 
two species have their ecidiospores on O. Jadzfolia. 


Puccinia perplexans. Plow. 


Aicidiospores—Pseudoperidia in roundish or elongate clusters on 
thickened yellow, often concave spots, shortly cylindrical, with 
torn white everted edges. Spores subglobose or polygonal, 
finely echinulate, orange-yellow, 24-28 X 20-25). 
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Uredospores—Sori linear, oblong or rounded, sometimes confluer. 
amphigenous, golden-yellow. Spores globose, ,oval or su 
ovate, orange, finely echinulate, with or without capita 
paraphyses, 20-25 X 30-35m. 

Teleutospores—Sori small, sometimes round, but general 
elongate, oblong, or linear, covered by the cuticle, black, ofte 
in clusters, sometimes confluent. Spores very irregular i 
form and size, clavate, subfusiform, oblong, upper cell rounde 
truncate or attenuated, often obliquely, central constrictic 
little or none, lower cell generally cuneiform, clear brow: 
epispore often appearing granular, 40-60 X 10-12. Pedice 
very short. 


Synonym. 

Aicidium ranunculacearum, D.C. Cooke, ‘‘ Micro. Fungi 
4th edit., p. 196, in part ; “ Hdbk.,” p. 539. Johnst., “ Flor. Berw. 
vol, ii. p. 206, in part. 

Exsiccati, 

Vize, “ Micro. Fungi Brit.,” 443, 548. 


Ecidiospores on Ranunculus acris. 
Uredospores and teleutospores, on Alopecurus pratensis. 


B1oLoGy.—The life-history of this fungus was worked out in 
series of more than thirty cultures. The uredo, when produc: 
directly from the zecidiospores, is without paraphyses ; but these appe 
later on in the year. For details,see Quar. four. Micro. Scien 
vol. xxv., new series, pp. 164-166. I have found this species ne 
King’s Lynn ; and Mr. George Brebner has met with it at Aboy: 
Scotland. 


Puccinia persistens. Plow. 


At cidiospores—On thickened spots, which are purple-brown aboy 
yellow below, and surrounded by brownish margins, Pseuc 
peridia cylindrical, short, yellow, with torn white edgi 
Spores subglobose or oval, finely echinulate, orange-yella 
20-30 X 17-20, 

Uredospores—Sori small, orange, round or elongate, on yellow! 
spots. Spores subglobose, hyaline, finely echinulate, w 
orange-yellow contents, 25-30 in diameter, 
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Teleutospores—Sori small, black, oval, oblong, or linear, long 
covered by the epidermis. Spores cylindrical or clavate, apex 
slightly thickened, rounded, truncate, or obliquely attenuated, 
constriction sometimes marked, sometimes almost absent, 
lower cell attenuated below, smooth, brown, 50-60 xX 15-20. 
Pedicels short, very persistent. 


Synonym. 
cdium ranunculacearum, var. thalictriflavt. WD, C., “ Flore 
frang.,” vol. vi. p. 97. Winter, ‘ Krypt. Flor.,” p. 269. 


4Ecidiospores on Zhalictrum flavum and minus (?), May and 
June. 

Uredospores on Triticum repens (Avena elatior?), July and 
August ; teleutospores, August to July. 


BIOLOGY.—The zcidiospores were found by Mr. T. Birks near 
Goole, in June, 1884, growing near a plant of Avena elatior, affected 
with an orange Uredo with paraphyses. I was, however, unable to 
produce the Uredo on J. e/atior, either from Mr. Birks’ zcidiospores, 
or from Specimens collected near King’s Lynn in 1888. The teleu- 
tospores were found in June, 1888, on a piece of dead grass of the 
previous season, germinated, and when applied to a plant of 7halic- 
trum flavum, which had been growing in my garden since 1884, the 
Ecidium appeared in due course. In July, 1888, the zecidiospores, 
applied to a plant of 7riticum repens, gave rise to the Uredo in 
twelve days. 


Puccinia extensicola. Plow 


Azcidiospores—Pseudoperidia on paler spots (which are more or 
less circular on the leaves, and elongate on the stems), erect, 
circinating or scattered, often amphigenous, margins torn, 
white, everted. Spores globose, very finely echinulate, orange- 
yellow, 20-25 in diameter. 

Uredospores—Sori small, reddish brown, elongate, elliptical or 
linear, on rather extensive though pale discoloured spots. 
Spores subglobose or ovoid, rather irregular, very finely 
echinulate, brownish with a tinge of yellow, 25-30 X 15—20p. 

Teleutospores—Sori small, *5 to 1 mm. long, elongated, erumpent, 
black, surrounded by the torn epidermis. Spores ovate or 
subclavate, brown, smooth, apex thickened, often hooded, 
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rounded or conical, lower cell attenuated below, slightly con- 
stricted, 40-60 X 18-204. Pedicels short, persistent. 


LEixstecatt, 
Vize, “ Micro. Fungi Brit.,” 544, 552. 


4Ecidiospores on Aster ¢ripolium, June and July. 
Teleutospores on Carex extensa, August to June. 
Wells-next-the-Sea ; Norfolk. 


BioLocy.—The life-history of this species was worked out by a 
series of experimental cultures during the year 1888, 


II. BRACHYPUCCINIA. Schrot. 


Having spermogonia, uredospores, and teleutospores, 


Puccinia suaveolens. (Pers.) 


Spermogonia—Pale yellow, scattered over the whole leaf-surface, 
sweet-scented. 

Uredospores—Primary: Sori hypogenous, large, crowded, soon 
confluent, very pulverulent. Spores echinulate, globose, 
brown, 22-20 in diameter. Secondary: Sori small, scat- 
tered, discrete, rarely confluent. Spores globose or broadly 
elliptical, echinulate, epispore brown, 20-30 in diameter. 

Teleutospores—Sori small, roundish or elongate, blackish brown. 
Spores oval or oblong, rounded above, echinulate, pale brown, 
25-40 X 17-25). 

Synonyms. 

Puccinia suaveolens (Pers.). Winter in Rabh., “ Krypt. Flor.,” 
vol. i. p. 189. 

Uredo suaveolens, Pers, “Syn.” p. 2ar. Berk., “ Eng. 
Flor.,” vol. v. p. 379. Purton, “ Midl. Flor.,” vol. iii, No. 1548, 
Grev., “Flor. Edin.” p. 434. Johnst., “Flor. Berw.,” vol. ii. 
p. 202. Sow., t. 398, fig. 5. 

Trichobasis suaveolens, Lév. Berk., “ Outl,” p. 208, Cooke, 
“Hdbk.,” p. 530; “Micro. Fungi,” 4th edit, p. 226, t. vii, 
figs. 151-153. 

Puccinia composttarum, Mart. Cooke, “Hdbk.,” p. 498, in part, 

Puccinia obtegens, Fckl.  Vize, Exs, 
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Exsiccati, 


Cooke, i. 73; ii. 54. Vize, “Fungi Brit.,” 64, 147; “ Micro. 
Fungi Brit.,” 323. 


On Carduus arvensis, April to November. A variety occurs 
on Centaurea cyanus. 


BIoLOGY.—The life-history of this fungus has been worked out by 
Rostrup. The first generation consists of roundish uredospores, 
spermogonia, and sometimes a few stray teleutospores. The mycelium 
invades the whole of the infected plant, and hybernates in the upper 
part of the root-stock, so that every shoot sent up from this root con- 
tains the mycelium, and bears spermogonia and the primary uredo 
(= Uredo suaveolens, Pers.). The affected plants appear sooner than 
the healthy ones, have a sickly pale-green colour, and do not bear 
flowers. The second generation consists of uredospores and teleuto- 
spores, and has only a localized mycelium (=P. odtegens, Fckl.). The 
variety on Centaurea cyanus was first described by Magnus, who 
does not consider it a distinct species, but that it is modified by the 
host-plant. It is in this country not very rare on cultivated Centaureze 
in gardens. I have gathered it in the public park at Aberdeen, and 
the Rev. Canon Du Port has also sent me specimens. 


Puccinia bullata. (Pers.) 


Spermogonta—Honey-coloured, in small roundish clusters. 

Uredospores—Sori on small, roundish, pale-brown spots, roundish 
on the leaves, elongated on the stems, sometimes circinating. 
Spores ovate, generally attenuated below, with two lateral, 
markedly thickened germ-pores. Membrane ochraceous, echi- 
nulate, thickened and hooded above, contents pale reddish, 
23-35 X 20-25p. 

Teleutospores—Sori roundish, or more often elongate, dark brown. 
Spores elliptical or clavate, rounded above, often attenuated 
below, apex slightly thickened, smooth, brown, 30-40 X 20— 
25u. Pedicels deciduous. 


Synonyms. 
Puccinia buliata (Pers.). Schrot., “Krypt. Flor.,” vol. iii. 
p. 335. Winter in Rabh., “Krypt. Flor.,” vol. iii. p. 191. 
Uredo bullata, Pers., “ Obs. Myc.,” vol. i. p. 68. 
Uredo ecidiiformis. Grev., ‘‘ Flor. Edin.,” p. 441. 
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Uredo umbellatarum. Johnst., “ Flor. Berw.,” vol. ii. p. 20 
Berk., “ Eng. Flor.,” vol. v. p. 380. 

Trichobasis umbelliferarum, Lévy. Cooke, ‘Micro, Fungi 
4th edit., p. 225. 

Trichobasis conit, Strauss. Cooke, “ Micro. Fungi,” 4th edi 
p. 225. 

Trichobasis cynapit, D. C. Cooke, “ Micro. Fungi,” 4th edi 
p- 224. 

Trichobasis petroselint. Cooke, ‘ Micro. Fungi,” 4th edi 
p. 223. 

Puctinia umbelliferarum, D.C. Berk., “Eng. Flor.,” vol. 
p. 366. Cooke, “Hdbk.,” p. 501; ‘‘Micro. Fungi,” 4th edi 
p. 208, t. iv. figs. 70, 71. Grev., “ Flor. Edin.,” p. 431. Johns 
“ Flor. Berw.,” vol. ii. p. 196. 

Puccinia conti, Fckl. Cooke, ‘Micro. Fungi,” 4th edi 
p. 209. 

Puccinia ethuse, Link. Cooke, “ Micro. Fungi,” 4th edi: 
Pp. 209. 

Puccinia tumida. Grev., “Flor. Edin,” p. 430. Berk., “ En 
Flor.,” vol. v. p. 366. 

Puccinia silat, Fck1. Cooke, “ Grevillea,” vol. xiv. p. 39. 

Puccinia bullaria, Link. Berk., “‘ Eng. Flor.,” vol. v. p. 36 
Cooke, “‘Hdbk.,” p. 503. Pers., ‘“‘Obs.,” vol. i. t. ii fig. 
Johnst., ‘‘ Flor. Berw.,” vol. ii. p. 197. 


Lexsiccate. 

Berk., 57, 221. Cooke, i. 4o, 4oa, 42, 424; ii, 319, 32 
“TL, F.,” 15, 16, 38. Vize, “Micro, Fungi Brit.” 123; “Fur 
Brit.,” 9, 54, 127. 

On Petroselinum sativum, Althusa cynapium, Conium maculatu 
Silaus pratensis, 


BroLocy.—I have followed Winter and Schréter in uniting - 
above species, but I am convinced biological research will show mz 
of them to be distinct. 


Puceinia hieracii. (Schum.) 


Spermogonia—In small clusters, which are roundish on the leay 
but more or less elongated on the stems, yellowish. 


~ 
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Uredospores—Sori dark brown, small, roundish, scattered or circi- 
nating, soon pulverulent. Spores round or shortly elliptical, 
brown, with two or three germ-pores, 20-30 X 15-25p. 

Teleutospores—Sori blackish, small, round, soon pulverulent, 
elliptical or ovate, constriction slight, apex generally rounded. 
Epispore dark brown, when seen in water usually punctate, 
25-40 X 20-254. Pedicels colourless, deciduous, delicate. 


Synonyms. 


Puccinia flosculosorum (Alb. and Schw.). Winter in Rabh., 
“ Krypt. Flor.,” vol. i. p. 206. 

Uredo hieracit, Schum., “ Enum. Plant. Seell.,” vol. ii. p. 223. 

Puctinia compositarum. Schlecht. “ Flor. Berol.,” vol. ii. p. 133. 
Cooke, “ Hdbk.,” p. 449; “‘ Micro. Fungi,” 4th edit., p. 206, t. 4. 
figs. 67, 68. Johnst., “ Flor. Berw.,” vol. ii p. 196. Berk., “ Eng. 
Flor.,” vol. v. p. 365. 

Trichobasis hieracit, Schum. Cooke, ‘ Micro, Fungi,” 4th 
edit., p. 224. 

Puccinia hieracii, Mart. Cooke, “Micro. Fungi,” 4th edit. 
p. 207. 

Luccinia clandestina, Carm. Cooke, “Hdbk.,” p. 498; 
‘Micro. Fungi,” 4th edit., p. 205. Berk., “ Eng. Flor.,” vol. v. 
p. 365. 

Ovedo cichoracearum. Grev., “ Flor. Edin.,” p. 435. Johnst., 
“ Flor. Berw.,” vol. ii. p. 201. 


Exsiccatt. 


Berk., 219. Cooke, i. 33, 34, 68; ii 53, 56, 638, 639; 
“ZT, F,” 11, 12, 36. Vize, “ Micro, Fungi Brit.,” 120, 428; 
‘« Fungi Brit.,” 23, 62. 


On Carlina vulgaris, Arctium lappa, Carduus crispus, lanceo- 
latus, palustris, Cichorium intybus, Leontodon autumnalis, hispidus, 
Hieracium vulgatum, murorum, corymbosum, boreale, pitosella, 
Scabiosa succisa (?) Crepis virens. 


BIOLOGY.—I have followed Winter and Schréter in uniting the 
above species in the absence of biological information, although I feel 
sure many of them are distinct species. 
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Puccinia centaurez. Mart. 


Spermogonia—On yellow spots, which are round on the leaves, 
elliptical or lanceolate on the petioles, where they are surrounded 
by a purple margin. 

Uredospores—Primary : Sori few, surrounded by the spermogonia, 
large, round or elliptical. Spores produced singly on basidia, 
globose or subovate, echinulate, brown, about 254 -across. 
Secondary : Sori small, very numerous, scattered, mostly hypo- 
phyllous, dark brown, soon pulverulent. Spores subglobose 
or elliptical, brown, echinulate, 20-25 X 16-23. 

Teleutospores—Sori very small, amphigenous, roundish or oval, 
black, pulverulent, often confluent. Spores elliptical, pyriform, 
or subglobose, not constricted, both cells equal or nearly so, 
dark brown, smooth, 30-50 x 20-28u. Pedicels hyaline, 
short. 

Synonyms. 


Puccinia centauree. Mart., “ Flor. Mosg.,” p. 226. Cooke, 
“ Micro. Fungi,” 4th edit, p. 207. Grev., “Flor. Edin.,” p. 430. 
Puccinia compositarum, Mart., in part. Berk., ‘‘ Eng. Flor.,” 
vol. v. p. 365. Johnst., ‘Flor. Berw.,” vol. ii, p. 196. Cooke, 
“ Hdbk.,” p. 499. 
Exsiccatt. 


Vize, ‘‘ Micro. Fungi Brit.,” 120. 


On Centaurea nigra. 


BioLocy.—The primary uredospores, accompanied by the spermo- 
gonia, occur early in May, and are in very much larger sori than the 
secondary uredospores.- I found by experimental culture that the 
primary uredospores produced the secondary in about fourteen days 
(Exp. 851, 852), but that no result followed when they were applied 
to Zaraxacum officinale (853), Leontodon autumnalis (923), and 
Hieracium pilosella (854, 855). 


Puccinia taraxaci. Plow. 


Spermogonia—On yellow oval or rounded spots. Paraphyses not 
conspicuous. Spermatia globose or oval, r—-2y in diameter. 
Uredospores—Primary » Sori scanty, large, dark brown, elongated 
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or circinating. Spores ovate, round, or subpyriform, echinu- 

late, brown, 25-30 X 254. Secondary: Sori small, very pro- 

fuse, round, cinnamon-brown, soon pulverulent, often confluent. 

Spores subglobose, brown, echinulate, 20-25 in diameter. 
Teleutospores—Sori amphigenous, minute, blackish, round, pul- 
verulent, surrounded by the ruptured epidermis. Spores 
obtuse, shortly oval, ovoid, or even subglobose, constriction 
almost none, brown, echinulate, especially above, 30-40 X 
20-254. Pedicels short, hyaline, deciduous. 


SYNONYMS. 


Puccinia variabilis. Grev., ‘Flor. Edin.,” p. 431; ‘ Flor. 
Scot.,” t. 75. Cooke, “ Hdbk.,” p. 500; “ Micro. Fungi,” 4th 
edit., p. 207, t. 4, figs. 82, 83. Johnst., “Flor. Berw.,” vol. vi. 
p. 196, all in part. 

Puccinia flosculosorum .{Alb. and Schw.). Winter in Rabh., 
“Krypt. Flor.,” p. 206, in part. 

Exsiccati. 


Cooke, i. 539; ii. 128. Vize, “ Micro. Fungi Brit.,” 53. 


On Zaraxacum officinale. 
April to November. 


BIOLOGY.—The spermogonia and primary uredospores occur early 
in the year, about the end of April. Mr. Grove considers this species 
has a true Aicidium (4c. grevilled, Grove), which is scattered over 
the leaves in small clusters. If this had been the case, I think I must 
have met with it, as I have for many years searched the Taraxacum 
in the neighbourhood of King’s Lynn for the Accidium. It has been 
asserted that the Pucciniz on the Composite belong to-one species, 
but this is clearly incorrect. I found, for instance, that the zecidio- 
spores of P. lapsane, placed on Taraxacum officinale and Lapsana 
communis in a duplicated culture, produced the uredospores on the 
latter in twenty days, but had no effect upon Taraxacum (Exp. 497, 
498), and conversely the germinating teleutospores of P. /apsane@ pro- 
duced the zecidiospores on ZL. communis in twenty days, but had no 
effect upon the Taraxacum (Exp. 499, 500). I also found that the 
teleutospores on Leontodon autumnalis (Exp. 620), and the uredospores 
on Centaurea nigra (923), when applied to Taraxacum officinale, pro- 
duced no effect, although they readily infected their respective host- 
plants. 

P. tavaxaci is a much more common species than P. variabilis, 
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III. HEMIPUCCINIA. Schrot. 


Having uredospores and teleutospores, the latter germinating only after 
a period of rest. 


Puccinia polygoni. Pers. 


Uredospores—Sori at first yellowish brown, then dark brown, 
roundish, scattered irregularly or arranged in circular groups, 
soon pulverulent. Spores spherical, elliptical, or ovate, echi- 
nulate, brown, 17-30 X 16-20, 

Teleutospores—Sori compact, blackish, generally crowded, rounded 
or elliptical, on the stems, elongated, often confluent, brown. 
Spores cuneiform or clavate, constriction slight or absent, base 
attenuated towards the stem, apex much thickened (4-7,), 
rounded, truncate, capitate or conical, smooth, brown, 30-50 
X 14-204. Pedicels about as long as the spores, persistent. 


Synonyms. 

Puccinia polygont. Pers., “‘Syn.,” p. 227. 

Puctinia polygonorum, Link. Cooke, ‘‘ Micro. Fungi,” 4th 
edit, p. 203; “Hdbk.,” p. 495. Berk., “Eng. Flor.,” vol. v. 
p- 363. Johnst., “Flor. Berw.,” vol. ii, p. 195; Grev., ‘ Flor. 
Edin.,” p. 430. 

Puccinia amphibit, Fckl. Cooke, “ Micro, Fungi,” 4th edit., 
p- 204. 

Credo polygonorum, D. C. Grev., t. 80, Berk., “ Eng, Flor.,” 
vol. v. p. 377. Johnst., “ Flor. Berw.,” vol. ii. p. 201. ~ 

Trichobasis polygonorum, Berk. Cooke, “ Micro. Fungi,” 4th 
edit., p. 226. 

Lixsiccati. 

Berk., 231, 216. Cooke, i. 27; “LF,” 5, 42. Vize, 

“Micro. Fungi Brit.,” 28; “ Fungi Brit.,” 111. 


On Polygonum convolvulus, amphibium, lapathifolium. 
June to November. 


BioLocy.—Winter (Rabh., “ Krypt. Flor.” vol. i. pp. 185, 186) 
separates the form on P. amphibium, following Fuckel, the principal 
morphological difference being that in this form the teleutospores 
remain covered by the epidermis. This is also the case when the 
fungus occurs on P. lapathifolium. On P. convolvulus the sori are 


Flemipuccinia. 189 


pulverulent. In the absence of biological information, I have followed 
Schroter in uniting these species. 


Puccinia tanaceti. (D. C.) 


Uredospores—Sori pale brown, small, round or oval, pulverulent, 
elongated. Spores round or ovate, pale brown, with three 
germ-pores, echinulate, 20-35 X 15-20. 

Teleutospores—Sori compact, pulvinate, black. Spores elliptical 
or clavate, base attenuated, summit thickened (5-7), 
hooded, smooth, or slightly verrucose towards the summit, 
deep brown, 40-50 X 20-284. Pedicels long, permanent. 


Synonyms. 

Puccinia tanacetit, D.C. Winter in Rabh., “Krypt. Flor.,” 
vol. i. p. 209, in part. 

Uredo tanaceti. WD. C., “Encyc.,” vol. viii. p. 224. 

Trichobasis artemisia, Berk. Cooke, ‘“ Micro. Fungi,” 4th 
edit., p. 223. 

Oredo artemiste. Berk., “ Outh.,” p. 332. 

Puccinia tanacett, D.C. Cooke, “ Micro. Fungi,” 4th edit., 
p- 207. 

Pucinia discoidearum, Link. Cooke, “ Micro. Fungi,” 4th 
edit., p. 206; “ Hdbk.,” p. 499. 


LExstecatt. 
Berk. Cooke, i. 115, 35, 437; il. 126. 


On Artemisia absinthium, maritima, Tanacetum vulgare. 


Puccinia iridis. (D. C.) 


Uredospores—Sori hypophyllous or amphigenous, reddish brown, 
scattered irregularly, elongated or roundish, long covered by 
the epidermis, then pulverulent. Spores elliptical or ovate, 
with three germ-pores, brown, echinulate, 20-35 x 1626p. 

Teleutospores—Sori black, linear, soon naked, compact, persistent. 
Spores oblong, apex very much thickened (10-12), rounded 
or obliquely conical, seldom truncate, base wedge-shaped, 
constriction slight, smooth, brown, 35-45 X 15-224. Pedicels 
rather long, often brown, persistent. 
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Synonyms. 


Puccinia ividis, D. C. Winter in Rabh., “ Krypt. Flor.,” vol. i. 
p- 184. 

Uredo tridis. D.C., “Encyc.,” vol. viii. p. 224. Berk., “ Eng. 
Flor.,” vol. v. p. 376. 

Trichobasis iridis, Cooke, “ Micro: Fungi,” 4th edit., p. 227. 

Puccinia truncata. B. and Br., No. 754. Cooke, ‘“ Hdbk.,” 
p. 494; “Micro, Fungi,” 4th edit., p. 203. 


LExsttcatt, 


Berk., 59. Cooke, i. 77; “L. F.,” 28. Vize, ‘‘ Fungi Brit.,” 
122. 


On Sris fetidissima, pseudo-acorus. 
July to December. 


BIOLOGY.—The uredospores which occur on certain cultivated 
species of iris, as Jvzs iberica, tolmieana, etc., produced no effect upon 
I. fetidissima and pseudo-acorus. (See Uredo ividis, p. 258.) 


Puccinia oblongata. (Link.) 


Uredospores—Sori reddish brown, bullate, scattered, roundish, 
oblong, long covered by the epidermis. Spores generally 
ovate or pyriform, epispore very thick, quite smooth, very pale 
yellow, generally 30-42 X 12-15. 

Teleutospores—Sori black, elliptical or linear, compact, sooner 
naked and surrounded by the ruptured epidermis. Spores 
clavate, slightly constricted, base attenuated, apex thickened 
(10-20), hooded, round or conical, smooth, brown, 40-60 or 
even 80 X 17-234. Pedicels short, firmly attached. 


Synonyms. 


Puccinia oblongata (Link.). Winter in Rabh., “ Krypt. Flor.,” 
vol. i. p. 183. 

Caoma oblongatum. Link., “ Obs.,” vol. ii. p. 27. 

Uredo oblongata. Grev.,t. 12. Berk., “Eng. Flor.,” vol. v. 
p. 376; “Outl,” p. 208. Cooke, “ Hdbk.,” p.529. Grev., “ Flor. 
Edin.,” p. 437. Johnst., “ Flor. Berw.,” vol. ii. p. 202. 
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Trichobasts oblongata, Berk. Cooke, “Micro. Fungi,” 4th 
edit., p. 223, t. 7, figs. 158, 159. 
Puccinia luzule, Lib. Cooke, “Micro, Fungi,” 4th edit., 
Pp. 203, 
LEixsiccati. 
Cooke, i. 535. Vize, “ Fungi Brit.,” 61. 
On Luzula pilosa, campestris, maxima. May to November. 


BIOLOGY.—This is probably a hetercecious species. 


Puccinia scirpi. D. C. 


Uredospores—Sori reddish brown, elliptical, often numerous and 
confluent. Spores ovate or subcuneiform or oblong, echinu- 
late, yellowish brown, 20-32 & 12-24y. 

Teleutospores—Sori small, blackish, sometimes circinating, at 
length naked. Spores clavate, attenuated below, constriction 
slight, apex thickened, generally roundish, conical, smooth, 
brown, 30-60 X 10-204. Pedicels long, brownish, persistent. 


Synonym. 


Puccinia scirpi, D. C. Winter in Rabh, “Krypt. Flor.,” 
vol. i. p. 182. “Flore frang.,” vol. ii. p. 223. 


Lxsiccati, 
Cooke, ii. 636. Vize, “ Micro. Fungi Brit.,” 122. 


On Scirpus lacustris. King’s Lynn. 
July to November. 


BIioLoGy.—This is most likely a hetercecious species, the life- 
history of which is unknown. Mesospores are often abundantly 
mixed with the normal teleutospores. They measure from 25 to 4ou in 
length. 


Puccinia baryi. (B. and Br.) 


Uredospores—Sori small, scattered or crowded, elongate or linear, 
reddish yellow, usually occurring in long linear series on 
the leaves. Spores globose or ovate, finely echinulate, orange- 
yellow, 20-25 in diameter. Paraphyses numerous, capitate, 
hyaline, about zo long. 
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Teleutospores—Sori small, blackish, crowded in linear series, long 
covered by the epidermis. Spores irregularly elliptical or 
cuneiform, constriction slight or absent, summits generally 
truncate, often obliquely, rarely rounded, usually thickened, 
attenuated below, smooth, brown, 25-35 X 15-25. Pedicels 
very short, often obsolete. 


Synonyms. 


Puccinia baryi (B, and Br.). Winter in Rabh., ‘ Krypt. Flor.,” 
vol. i. p. 178. 

Epitea baryi. B. and Br., Ann. Nat. Hist., No. 755. 

Lecythea baryi, Berk. Cooke, “Micro. Fungi,” 4th edit., 
p. 222; “ Hdbk.,” p. 532. Berk., “Outl.,” p. 334. 


On Brachypodium sylvaticum and pinnatum. 
June to November. 


BIOLOGY.—This is probably a hetercecious species. Mr. Soppitt 
considers that it also occurs on Azra cesfpitosa. 


Puccinia bistorte. D.C. 


Uredospores—Sori yellow, small, irregularly rounded, soon naked, 
scattered. Spores rounded or elliptical, finely echinulate, 
yellow, 20-28 X 18-20. 

Teleutospores—Sori black-brown, very small, often confluent. 
Spores elliptical or ovate, very slightly constricted, apex not 
thickened, rounded, smooth, brown, 24-38 X 15-24p. Pedicels 
rather long, deciduous. 


Synonym. 
Puccinia bistorte, D.C. Winter in Rabh., “Krypt. Flor.,” 
vol. i. p. 186. Cooke, “ Micro. Fungi,” 4th edit., p. 204. 


On Polygonum viviparum. 
July to September. 


Puccinia pruni. Pers. 


Uredospores—Sori light brown, small, round, crowded, pulverulent, 
often confluent. Spores ovate or subpyriform, apex darker, 
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thickened, bluntly conical, closely echinulate, brown, 20-35 x 
12-16, mixed with numerous capitate brownish paraphyses. 
Teleutospores—Sori pulverulent, dark brown, almost black. Spores 
consisting of two spherical cells, flattened at their point of 
union, the lower cell often being smaller and paler. Epispore 
uniformly thick, chestnut-brown, thickly studded with short stout 
spines. Spores 30-45 X 17-25. Pedicels short, colourless. 


Synonyms. 


Puccinia pruni-spinose, Pers, Winter in Rabh., “Krypt. Flor.,” 
vol. i. p. 193. 

Puccinia pruni. Pers., ‘‘Syn.,” p. 226. 

Puccinia prunorum, Link. Berk., “ Eng. Flor.,” vol. v. p. 368. 
Cooke, “Hdbk.,” p. 507; ‘‘ Micro. Fungi,” 4th edit, p. 211. 
Purton, ‘‘ Midl. Flor.,” vol. iii. No. 1552. 

Trichobasis rhamni. Cooke, “ Hdbk.,” p. 507. 


Lixsiccatt. 
Baxt., 83. Cooke, 1. 51; ii. 139. Vize, ‘‘ Micro. Fungi,” 128. 


On Prunus spinosa, domestica, Rhamnus catharticus. 


BIoLoGy.—The teleutospores are very apt to fall asunder at the 
septum. The frequently imperfect development of the lower cell shows 
the relationship which exists between the present genus and Uromyces. 
The form on Rhamnus requires to be experimentally examined. 


Puccinia argentata. (Schultz.) 


Uredospores—Sori yellowish brown, small, rounded, circinate or 
scattered, often confluent. Spores spherical or elliptical, finely 
echinulate, yellow, 15-20 X 14-18, 

Teleutospores—Sori rounded, chestnut-brown, soon pulverulent. 
Spores ovate or clavate, rounded or attenuated above, con- 
striction slight or absent, 25-35 X 12-174. Pedicels hyaline, 
very deciduous. 

Synonyms. 
Puccinia argentata (Schultz). Winter in Rabh., ‘‘ Krypt. Flor.,” 

vol. i. p. 194. 

Ecidium argentatum, Schultz. “Prod, Flor. Starg.,” p. 454. 
oO 
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Trichobasis impatiens, Rabh. Cooke, “Micro. Fungi,” 4th 


edit., p. 225. 
Puccinia noli-tangeris, Corda. B. and Br., No, 1044. Cooke, 


“ Hdbk.,” p. 504; ‘Micro. Fungi,” 4th edit., p. 210. 


LExsiccati. 
Cooke, i. 44; ‘L. F.,” 19. 


On Lmpatiens noli-me-tangere. 
April to September. 


Puccinia anthoxanthi. Fckl. 


Uredospores—Sori elliptical or linear, dusky orange, soon naked. 
Spores elliptical or ovate, finely echinulate, pale yellowish 
brown, 20-30 X 15-204. Paraphyses hyaline, capitate. 

Teleutospores—Sori scattered, very small, mostly linear, dark 
brown. Spores elliptical or subpyriform, slightly constricted, 
sometimes rounded below, rarely cuneiform, summits thickened 
or slightly apiculated, smooth, chestnut-brown, 25-40 X 15-20p. 
Pedicels long, firmly attached. 


Synonym. 
Pucinia anthoxanthi. ¥ckl., ““Symb. Myc.,” vol. ii. p. 15. 
Winter in Rabh., ‘“Krypt. Fior.,” vol. i. p. 180. 
Lxsiccati. 
Vize, “ Micro. Fungi Brit.,” p. 436. 
On Anthoxanthum odoratum. 
BioLocy.—This is probably a hetercecious species,.the life-history 


of which has not yet been worked out. The uredospores are usually 
mixed with a large number of capitate, hyaline paraphyses. 


Puccinia oxyrie. Fckl. 


Oredospores—Sori cinnamon-brown, roundish or irregular, crowded, 
often confluent. Spores rounded or pyriform, finely echinu- 
late, brown, with orange-yellow contents, 25-30 x 20-25), 
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Teleutospores—Sori amphigenous, black-brown, rounded on the 
leaves, more often on the stems, petioles, and peduncles, where 
they are elongated. Spores elliptical or ovate, slightly con- 
stricted, base rounded, apex a little thickened, rounded or 
hooded, smooth, brown, 30-45 xX 15-25. Pedicels rather 
long, colourless. 


Synonym. 
Puccinia oxyriea, Fckl., “Symb. Myc.,” vol. iii. p. 14. Cooke, 
“ Grevillea,” vol. xi. p. 15. Winter in Rabh, “Krypt. Flor.,” 
vol. i. p. 186. 


On Oxyria reniformis. 
August. 
The apex of the spores has often an irregular outline. 


Puceinia hydrocotyles. (Link.) 


Uredospores—Sori small, scattered, epiphyllous, surrounded by 
the ruptured epidermis, rarely confluent, sometimes. circinating 
round a central larger sorus. Spores irregularly oval, sub- 
pyriform or subglobose, pale brown, finely echinulate, 20-30 
in diameter. 2 

Feleutospores—Few, mixed with uredospores. Spores oblong or 
oval, slightly constricted, upper cell. rounded at the apex, 
generally larger, smooth, brown, 40-45 X 20-25u. Pedicels 
rather long, hyaline. 

Synonyms. 
Caoma hydrocotyles. Link., “Sp. Plant.,” vol. ii. p. 22. 
Trichobasis hydrocotyles, Cooke. Cooke, ‘ Micro. Fungi,” 4th 
edit., p. 225, t. 8, figs. 168, 169,; “ Hdbk.,” p. 530. 


Exsiccati. 
Cooke, i. 69; ii. 59; “L. F.,” 44. Vize, “Micro. Fungi Brit.,” 
228. 


On Hydrocotyle vulgaris, Epping Forest. 
July to October. 
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Puccinia sonchi. Rob. 


Uredospores—Sori small, brown, mostly hypophyllous, at first 
bullate, then naked, roundish, pulverulent. Spores roundish 
or ovate, verrucose, 23-35 X 16-21. 

Teleutospores—Sori black, compact, roundish, surrounded by dark 
brown, clavate paraphyses, 80-100 & 12-154. Spores oblong 
or ovate, constricted, rounded at both ends, smooth, brown, 
35-60 X 20-304. Mesospores numerous, of similar form, but 
unicellular, apex more distinctly thickened (45-554). Pedicels 
long, persistent. 

Synonym. 
Puccinia sonchi, Rob. Winter in Rabh., “ Krypt. Flor.,” vol. i. 

p- 189. Desmaz., Ann. Sc. Wat., 3rd series, vol. ii p. 274. 

Grove, Science Gossip, 1885, vol. xxi. p. 9, figs. 6-9. 


On Sonchus arvensis » Mr. H. Hawkes. 
October. 


Puccinia lychnidearum. Link. 


Credospores—Sori on pallid yellowish spots, subrotund, flat, 
scattered, often arranged in a circular manner, hypophyllous, 
cinnamon-brown. Spores subglobose or ovate, pale brown, 
echinulate, 18-20 X 23-30. 

Leleutospores—Sori dark brown, on pale spots, oblong or roundish, 
generally circinating, soon naked, but persistent. Spores pale 
brown, ovate, clavate, or subfusiform, apex not thickened, 
smooth, 35-40 X 15-184. Pedicels long, persistent, hyaline. 


Synonyms. 


Puccinia lychnidearum, Link. Linn., “ Sp. Plant.,” vol. ii. p. 80. 


Berk., “Eng. Flor.,” vol. v. p. 367. Cooke, “Hdbk.,” p. 505 ; 
“* Micro. Fungi,” 4th edit., p. 210. 


Trichobasis lychnidearum, Lév. Cooke, “Hdbk.,” p. 505; 
“Micro. Fungi,” 4th edit., p. 224. 


Exsiccatt. 


Berk., 224. Cooke, i, 473 ii. 129. Vize, “ Micro. Fungi 
Brit.,” 31, 130; “ Micro. Fungi,” 125. 
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On Lychnis diurna. 
Uredospores, April to June ; teleutospores, July to September. 


IV. PUCCINIOPSIS. Schrot. 


fEcidiospores and teleutospores on the same host-plant. Not infrequently 
a few isolated uredospores are found concealed between the teleutospores, but 
they do not form proper uredospore sori. 


Puccinia liliacearum. Duby. 


A cidiospores—Pseudoperidia scattered on the leaves, deeply im- 
bedded, opening above by a small orifice. Spores rounded, 
polygonal, isodiametric, rarely elliptical, orange-yellow, 16-23 
X 14-17 p. 

Teleutospores—Sori scattered in groups, imbedded in the leaf- 
tissue, covered by the epidermis, which becomes at length 
ruptured by a small rift above. Spores oblong, slightly or 
not at all constricted, apex not thickened, rounded, but more 
often attenuated and surmounted by a conical point, base 
attenuated, smooth, pale brown, 40-70 X 22-35. Pedicels 
rather long, thick, colourless. 


Synonym. 
Puccinia liliacearum. Duby, “Bot. Gall.” vol. il, p. 891. 


Winter in Rabh., “Krypt. Flor.,” vol. i: p. 194.  Schrot, 
“ Krypt. Flor. Schl.,” vol. ili. p. 342. 


On Ornithogalum umbellatum. 
Near Carlisle ; Rev. Hilderic Friend. 
April and May. 


BroLocy.—Schriter remarks that the ecidia are always few, and 
often altogether absent, but that the spermogonia are abundant, 
especially on the ends of the affected leaves. 


Puccinia tragopogi. (Pers.) 


Acidiospores—Pseudoperidia on the whole plant—leaves, stems, 
bracts, receptacles—shortly cylindrical, at first mammzform, 
with whitish torn edges. Spores rounded, verrucose, orange- 
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yellow, 18-27, sometimes as much as 35 long. Mycelium 
diffused throughout the host-plant. 

Teleutospores—Sori brown, few, small, scattered, elliptical or elon- 
gate, long covered by the epidermis. Spores broadly oval, 
often almost globose, slightly constricted, apex not thickened, 
thickly verrucose, brown, 26-48 X 20-354. Pedicels short, 
colourless, deciduous. Mycelium localized. 


Synonyms. 


Puccinia tragopogi (Pers.). Winter in Rabh., “ Krypt. Flor.,” 
vol. 1. p. 209. 

Acidium tragopogt. Pers., “Syn.,” p. 211. Berk., ‘ Eng. 
Flor.,” vol. v. p. 370. Sow., t. 397, fig. 2. Cooke, “ Hdbk.,” 
p- 537; ‘‘ Micro. Fungi,” 4th edit., p. 195, t. 1, figs. 1-3. 

Ecidium cichoracearum, D.C. Johnst., “ Flor. Berw.,” vol. ii. 
Pp. 205. 

Puccinia sparsa. Cooke, “Hdbk.,” p. 498; “ Micro. Fungi,” 
4th edit., p. 205. 

Puccinia syngenesiarum, Link. Johnst., “ Flor. Berw.,” vol. ii. 


p. 197, in part. 
Exsiccati, 
Cooke, i. 5, 330; ii. 79; “LF,” 51. Vize, “ Micro. Fungi,” 
158; ‘Micro. Fungi Brit.,” 133. 


On Zragopogon pratensis. 
April to September. 


BioLoGy.—The life-history of this species was first worked out by 
De Bary (“ Champ. parasit.,” Azan. Sc. Nat., 1861, 4th series, t. xx., 
pp. 76 and 87-88 of the reprint). He found the ecidiospores to 
have a colourless epispore, with three germ-pores ; that when they 
were sown upon the young leaves of Tragopogon pratensis and porri- 
folius they gave rise to the teleutospores, with a localized mycelium at 
the place where the zcidiospores were placed. Mixed with the teleu- 
tospores are a very few uredospores. The teleutospores give rise, 
when placed upon young plants, to a mycelium, which pervades the 
whole of the plant. The infected plants produce the zecidiospores on 
the leaves, involucre, and receptacle. The mycelium is to be found in 
the upper part of the root-stock. 

I have cultivated this fungus for several years. Sometimes the 
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young seedlings will produce a crop of zecidia in the autumn, but as 
a rule they do not do so until the following spring, after the mycelium 
has hybernated in them during the winter. I have sown the seeds 
from ecidiiferous plants, in which the zcidiospores were produced 
upon the receptacle ; most of these seeds failed to germinate, but 
those which did produced healthy plants. I do not find the spermogonia 
at all frequently ; as a rule they are absent. 


Puceinia smyrnii. Corda. 


Lcidiospores—Pseudoperidia hypophyllous or cauline, yellow, at 
first closed hemispherical, then bursting at the apex and be- 
coming cupulate, edges not torn. Spermogonia epiphyllous. 
Spores oval or oblong, golden yellow, finely echinulate, 25-30 
X Io-I5p. 

Teleutospores—Sori small, pulverulent, scattered, black, hypophyl- 
lous. Spores ovoid obtuse or subpyriform, constriction slight 
or absent, upper cell generally the larger, outline irregular from 
the epispore being covered by very large discrete tubercles, 
rich brown, 30-50 X 20-25. Pedicels hyaline, short. 


Synonym. 
Puccinia smyrnit. Corda, vol. i. fig. 67. B. and Br, Ana. 
Nat. Hist., No. 469. Cooke, “Hdbk.,” p. 503 ; “ Micro, Fungi,” 
4th edit., p. 209, t. 3, figs. 55, 56. 


Exsiccati. 
Cooke, i. 320; il. 440. Vize, “Fungi Brit,” 22 


3 “Micro. 
Fungi Brit.,” 562, 563. 


On Smyrnium olusatrum, 
Ecidiospores, May and June. 
Teleutospores, June and July. 


V. MICROPUCCINIA. Schrét. 


Having teleutospores only, which do not germinate until after a period of 
rest, 


Pueccinia betonice. (Alb. and Schw.) 


Teleutospores—Sori dark brown, numerous, small, roundish, con- 
fluent, covering the whole surface of the leaf. Spores broadly 
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elliptical or ovate, generally rounded at both ends, apices 

surmounted by a brown wart-like papilla, constriction slight, 

smooth, yellow-brown, 28-45 X 15-25. Pedicels hyaline, 

deciduous. 

Synonyms. 

Puccinia betonice (Alb. and Schw.). Winter in Rabh., “ Krypt. 
Flor.,” vol. i. p. 172. 

Puccinia anemones, B betonice. Alb. and Schw., “Consp.,” 
p. 131. 

Puccinia betonice, D.C. Berk., ‘ Eng. Flor.,” vol. v. p. 364. 
Grev., “ Flor. Edin.,” p. 431. Cooke, “ Hdbk.,” p. 477; “ Micro. 
Fungi,” 4th edit., p. 205. 


Lxsiccati. 
Berk., 218. Cooke, i. 108; ii. 532. Vize, “ Fungi Brit.,” 16. 


On Betonica officinalis. 


BIOLOGY.—The mycelium appears to be perennial. Mr. W. B. 
Grove figures in the Gardener's Chronicle (August 8, 1885) an abnormal 
condition of the teleutospores in which they are variously septate and 
distorted. 


Puccinia campanule. Carm. 


Teleutospores—Sori brown, small, rounded, long covered by the 
epidermis, often circinate. Spores elliptical or ovate, summits 
thickened, conical, with a flat or wart-like (usually brown) 
incrassation, constricted in the middle, smooth, pale brown, 
26-45 X 12-214. Pedicels very deciduous. 


Synonym. 


Pucctinia campanule, Carm. Berk., “ Eng. Flor.,” vol. y, p. 
365. Cooke, “ Hdbk.,” p..498 ; “ Micro. Fungi,” 4th edit., p. 205, 
Winter in Rabh., “ Krypt. Flor.,” vol. i. p. 173. 


Exsiccatt. 
Cooke, 1. 109. 


On Campanula rapunculus and rotundifoiia, 
June to August. 
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Puccinia schneideri. Schrot. 


Teleutospores—Mycelium pervading the stems and leaves of the 
affected plants, causing an increase in length of the former, 
and more or less crumpling of the latter. Sori small, black- 
brown, for some time covered by the epidermis, usually 
elongated, pulverulent. Spores elliptical, rounded at both 
ends, apex thickened, medial constriction pronounced, smooth, 
chestnut-brown, 25-28 X 15-184. Pedicels deciduous, 
colourless. 


Synonyms. 
Puccinia schneidert. Sehrot., “ Krypt. Flor. Schl.,” vol. iii. 
P. 344 
Puccinia caulincola. Schneider, 48, Jahresber d. Schles. Ges., 
1870, p. 120. 


On Thymus serpyllum. 
June to October. 
Links., Aberdeen ; Prof. J. W. H. Trail. 


BIOLOGY.—The presence of the mycelium in the affected stems 
causes them to assume a more erect habit of growth, so that they 
can be distinguished from the healthy plants by the naked eye. 


Puccinia zegopodii. (Schum.) 


Teleutospores—Sori on brown spots, on the leaves, small, roundish, 
crowded, on the petioles generally larger, at first yellow, then 
brown. Spores elliptical, oval, or subpyriform, constriction little 
or none, apex generally surmounted by a paler papilla, dark 
chestnut-brown, 30-40 X 15-23p. Pedicels colourless, 
deciduous. 

Synonyms. 
Luccinia egopodi (Schum.). Winter in Rabh., “ Krypt. Flor.,” 

vol. i. p. 174. 

Credo egopodii. Schum., “Enum. Plant Sell.,” vol. ii. p. 233. 
Puccinia egopodit, Link. Berk., “Eng. Flor.,” vol. v. p. 366. 
Cooke, “Hdbk.,” p. 502; “Micro. Fungi,” 4th edit, p. 208. 

Grev., ‘Flor. Edin.,” p. 429. 
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Exsiccati. 
Cooke, i. 540; ii. 439. Vize, “ Micro. Fungi Brit.,” 34, 426. 


On £gopodium podagraria. 
April to August. 


BIOLOGY.—The presence of the mycelium in the stems and midribs 
causes them to be much swollen and disterted. 


Puccinia epilobii. D.C. 


Teleutospores—Sori small, roundish, rather crowded, ‘but seldom 
confluent, soon naked, surrounded by the torn epidermis, dark 
brown. Spores oblong or elliptical, often irregular, rounded 
at both ends, not thickened above, much constricted, brown, 
very minutely verrucose, 27-40 X 17-25. Pedicels hyaline, 
deciduous, rather short. 


Synonym. 


Puccinia epilobit. D. C., “Flore frang.,” vol. vi. p. 61. Grev., 
“Flor. Edin.,” p. 431. Berk, “Eng. Flor.,” vol. v. p. 368. 
Cooke, ‘‘Hdbk.,” p. 506; “Micro, Fungi,” 4th edit, p. 211. 
Johanson, Botan. Centralblatt, bd. 28 (1886), p. 395. 


Exsiccati, 
Berk., 348. 


On L£pilobium palustre. 


Puccinia asarina. Kze. 


Teleutospores—Sori small, brown, roundish, long covered by the 
epidermis, often circinate, at length naked. Spores ovate, 
elliptical, or fusiform, constriction slight, surmounted by a 
conical paler point, apex scarcely, base slightly (if at all) 
attenuated, pale brown, 30-40 14-24. Pedicels very long, 
deciduous. 

Synonym. 
Puccinia asarina, Kaze. and Schm., “ Mykol. Hefte,” i. p. 70. 

Cooke, “ Hdbk.,” p. 504. Winter in Rabh, “ Krypt. Flor.,” 

vol. i. p. 172. 


Micropuccinia. 203 


Exsiccatt, 
Cooke, i. 10. 


On Asarum europeum. 
June to October. 
The sori are generally confluent in large circular patches. 


Puccinia paliformis, Fckl. 


Teleutospores—Sori small, thick, pulvinate, round or oblong, 
black. Spores clavate or fusiform, central constriction slight, 
base wedge-shaped, apex much thickened, generally truncate, 
rarely rounded, occasionally conical, brown, 23-524 X 10-16p. 
Pedicels long, firm. 

Synonym, 


Puccinia paliformis, Fckl., “Symb. Myc.,” p. 59. Winter in 
Rabh., “‘Krypt. Flor.,” vol. i. p. 224. 


On Keleria cristata, 
September and October. 
Prof. J. W. H. Trail, near Aberdeen. 


Puccinia virgauree. (D. C.). 


Teleutospores—Sori black, shining, punctiform, generally in large 
numbers on orbicular, pallid, yellowish spots, crowded in the 
centre, scattered towards the periphery. Spores fusiform, 
pyriform, or clavate, constriction slight or absent, base attenu- 
ated, apex thickened, rounded or truncate, often with a central 
oblique point, hooded or conically attenuated, smooth, pale 
brown, 30-56 X 12-20. Sori surrounded by a thick bed of 
dark-brown paraphyses. Pedicels hyaline. 


Synonyms. 


Puccinia virgauree (D. C.). Winter in Rabh., “ Krypt. Flor.,” 
vol. 1. p. £73. = 

Xyloma virgauree. D. C., “Syn.,” No, 821 

Puccinia virgauree, Lib. Cooke, ‘ Hdbk.,” p. 500; “ Micro. 
Fungi,” 4th edit., p. 206. 
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Exsiccatt. 
Cooke, i. 45. 
On Solidago virgaurea. 
August and September. 


Puccinia andersoni. B. and Br. 


Teleutospores—Spots epiphyllous, orbicular, surrounded by a brown 
border. Sori hypophyllous, compact, minute, but crowded into 
large circular patches, often almost concealed by the pubes- 
cence of the leaf, dark violet. Spores oblong, fusiform, or 
clavate, constricted, smooth, brown, upper cell often the darker, 
apex rounded or conically thickened (8 to 10m), 45-55 X 
zou. Pedicels long, stout, pale brown, 60-70 x 8-gp. 


Synonym. 
Puccinia andersoni. B. and Br., Ann. Nat. Hist., No. 1464. 
Cooke, ‘‘ Micro. Fungi,” 4th edit., p. 204. 


On Carduus heterophyllus. 
September and October. 
Den of Airlie, Scotland. Yorkshire; Mr. Soppitt. 


BIoLoGy.—A very striking species. The sori are crowded together 
in large round patches, often from 1 to 1.5 cm. in diameter; dark 
violet in colour, and are without paraphyses. 


Puccinia umbilici. Guép. 


Teleutospores—Sori seated upon pallid spots, round, often circinat- 
ing, convex, compact, then pulverulent, at Iength confluent in 
large orbicular patches. Spores dark brown, not constricted, 
smooth, globose or ovate, 28-30 X 24-264. Pedicels short, 
hyaline. 

Synonym. 
Puccinia umbilici, Guép. Duby, “ Bot. Gall,” p. 890. B.and 

Br., Ann. Nat. Hist., No. 470. Cooke, “ Hdbk.,” p. 505 ; “ Micro. 

Fungi,” 4th edit., p. 211, t. iv. figs. 80, 81. 
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Lexstecatt. 
Berk., 329: Cooke, i. 48; ii. 132. Vize, “ Fungi Brit.,” 29. 


On Cotyledon umbilicus. 
May and June. 


BIOLOGY.—The small sori are surrounded by a pseudoperidium, 
from which the spores eventually fall out, leaving a honeycomb-like 
matrix. 


Puccinia fusea. (Relhan.) 


Teleutospores—Sori black-brown, scattered equally over the whole 
surface of the leaves, small, round, pulverulent, often con- 
fluent. Spores formed of two almost spherical cells, which 
are flattened at their point of contact, hence the spores are 
strongly constricted and easily fall apart, thickly covered with 
large warts, brown, 30-50 X 15-24p. Pedicels stout, hyaline. 
Mycelium perennial. 


Synonyms. 
Puccinia fusca (Relh.). Winter in Rabh., “ Krypt. Flor.,” vol. i. 
Pp. 199. 
cidium fuscum. Relh., “Flor. Cantab. Suppl.,” ii. 
Pucctinia anemones. Pers., “Syn.,” p. 226. Berk., “Eng. 
Flor.,” vol. v. p. 367. Cooke, “ Hdbk.,” p. 503 ; ‘‘ Micro. Fungi,” 
4th edit., p. 209, t. iv. figs. 64, 65. 


LExsiccatt, 


Baxter, 82. Berk., 222. Cooke, i. 43; ii. 530; “L. F,” 18. 
Vize, “ Fungi Brit.,” 26. 


On Anemone nemorosa. 
April to July. 


BIOLOGY.—The inycelium is perennial, and was found by De Bary 
in the upper part of the rhizome. The teleutospores are accompanied 
by spermogonia. The ecidiospores (. leucospermum), which con- 
tinental botanists regard as belonging to this Puccinia, are much less 
common than the teleutospores, and further experimental culture is 
desirable as to the life-history of this well-known and widely distributed 
species. 
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Puccinia. bunii. (D: C.): 


Teleutospores—Sori brownish black, roundish, often cauline, elon- 
gated, usually confluent, long covered by the epidermis. Spores 
elliptical or subpyriform, central constriction slight or absent, 
punctate, brown, 25-45 X 15-23". Pedicels rather long, 
deciduous. 


Synonyms. ; 
Puccinia bunit (D. C.). Winter in Rabh., “Krypt. Flor.,” 
vol. i. p. 197. 
Puccinia bulbocastani, Fcki. Cooke, “ Micro.. Fungi,” 4th 
edit., p. 209. 


Puctinia tumida. Grev., “Flor. Edin.,” p. 430. 


Lixsiccati, 
Cooke, i. 39; i. 327. Vize, “ Micro. Fungi Brit.,” 216.. 


On Conopodium denudatum (Bunium flexuosum). 


BIOLOGY.—The mycelium is perennial. I have cultivated in my 
garden for four years plants of Bunium in a flower-pot, which are 
annually affected with the fungus, but they have never produced the - 
zecidiospores. Although this fungus is very common around King’s 
Lynn, yet I have never found the 4ccdium bunii, which continental 
botanists consider to be connected with it. 


Puccinia thalictri. Chevall.. 


Teleutospores—Sori dark brown,.very crowded, covering the whole: 
surface of the leaf,.soon pulverulent, small, rounded. Spores 
deeply constricted, both cells rounded, flattened at their point 
of contact. Epispore covered with pointed warts, dark brown, 
25-50 X 15-254. Pedicels long, deciduous. 


Synonym. 
Puccinia thalictri. Chevall., “Flor. Paris,” vol. i.. p. 417. 


Winter in Rabh., “ Krypt. Flor.,” vol. i. p. 177. 


On Thalictrum flavum, minus var. montanum., 
September and October. 
Rannoch, near Perth. 
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BioLocy.—This plant appears to me to have a perennial mycelium, 
but I have not had the opportunity of cultivating it. 


Puccinia: fergussoni. B. and Br. 


Téleutospores—Sori on rounded yellowish or paler spots, crowded 
in orbicular clusters, long covered by the epidermis. Spores 
oblong, slightly constricted, apex. often obtusely and conically 
apiculate; smooth,. yellow-brown, 23-38 x 13-20. Pedicels 
short,. deciduous. 


Synonym. 


Pucania fergussoni, B. and Br. Cooke, “ Micro, Fungi,” 
4th edit. p. 2r0. Winter in Rabh., ‘‘ Krypt. Flor.,” vol. i. p. 176. 


On Viola: patustris. 
Scotland and Wales. 


Puccinia rhodiole. B. and Br. 


Teleutospores—Spots orbicular, brown. Sori minute, crowded. 
Spores shortly pedicellate, articulations depressed, sometimes 
spuriously subdivided. 


Synonym. 


Piuccinia:rhodiole; Berk. Gardiner’s “ Flora of Forfar.,” p. 296. 
B. and Br., Ann. Nat. Hist., No. 468. Cooke, “ Hdbk.,” p. 506; 
“ Micro. Fungi,” 4th edit., p. 211. 


On Sedum rhodiola. 
Summer. 


Puccinia adoxe.. D.C. 


Teleutospores—Sori black, small, rounded, circinate on the leaves, 
scattered on the swollen stems, confluent, pulverulent. Spores 
eblong, elliptical, or ovate, extremities attenuated, central 
constriction very slight or absent, apiculate above, smooth, 
brown, 25-35 X 15-204.  Pedicels hyaline, as long as, or 
longer than,. the spores,. deciduous. 
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Synonyms. 

Puccinia adoxe. D. C., ‘Flore frang.,” vol. ii. p. 220. Winter 
in Rabh., “ Krypt. Flor.,” vol. i. p. 211, in part. Cooke, “ Micro. 
Fungi,” 4th edit., p. 209. Grev., “ Flor. Edin.,” p. 432. 

Pucctinia saxifragarum, Schlecht. Berk., “Eng. Flor.,” vol. v. 
p- 367. Cooke, “ Hdbk.,” p. 506. W.G. Smith, Gard. Chron., 
July 4, 1885, p. 21, fig. 7. 

Lixsiccati. 


Cooke, ii. 531. Vize, “ Fungi Brit.,” 117; “ Micro. Fungi 
Brit.,” 217. 


On Adoxa moschatellina. 
March to May. 


BIoLoGy.—The mycelium of this fungus is perennial; affected 
plants, cultivated by Professor Trail at Aberdeen, and by myself at 
King’s Lynn, year after year, produced only teleutospores. Mr. 
Soppitt placed some over-wintered teleutospores in active germination 
on healthy plants, in March, 1888; in ten days the teleutospores had 
reproduced themselves without the intervention of either uredospores or 
zecidiospores. He had previously satisfied himself of the distinctness 
of this species from P. albescens by his observations of the fungi as 
they occurred in a state of nature in Yorkshire. 


Puccinia saxifrage. Schlecht. 


Teleutospores—Sori amphigenous, dark chestnut or blackish brown, 
on numerous discoloured spots, irregular, soon pulverulent, 
confluent. Spores elliptical or ovate, slightly constricted, 
apex surmounted with a conical or wart-like pale papilla, 
faintly reticulate, yellow-brown, 26-45 X 14-204.  Pedicels 
short, deciduous. 


Synonym. 


Puccinia saxifrage. Schliecht., ‘Flor. Berol.,” vol. ii. p. 134. 
Cooke, ‘Micro. Fungi,” 4th edit. p. 209, Winter in Rabh., 
‘“‘Krypt. Flor.,” vol. i. p. 174, 


} On Saxifraga granulata, stellaris. 
April to August. 
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Puccinia senecionis.. Lib. 


Leleutospores—Sori small, crowded, chestnut-brown, at first hemi- 
spherical, then depressed in the centre, becoming perforate, 
at length pulverulent. Spores irregular in form, subovoid 
or elliptical, lower cell sometimes attenuated, upper gene- 
rally rounded, but often pointed, brown, smooth or granular, 
40-50 X 18-284. Pedicels short, hyaline, deciduous. 


Synonym, 
Puccinia senecionis, Lib. Cooke, “Micro. Fungi,” 4th edit., 
p. 207. 
Lxsiccati. 
Cooke, i. 37; ii. 236. Vize, “ Fungi Brit.,” 21. 
On Senecio aguaticus. 
September. 


BioLocGy.—The mycelium has a great tendency to follow the 
venation. The sori are enclosed in an indistinct pseudoperidium, which 
remains as a honeycomb-like matrix in the centre of the sori-clusters 
after the spores have fallen off. The sori are brown, not black as in 
P. glomerata. 


Puccinia glomerata. Grev. 


Teleutospores—Sori small, black, circinating, crowded, soon pul- 
verulent, in roundish or elongated clusters. Spores elliptical, 
elongated, or irregular, lower cell often smaller, constriction 
slight, upper cell rounded or attenuated, usually surmounted 
by a colourless papilla, smooth or granular when old, dark 
brown, 30-40 X 20-25), 


Synonym. 

Puccinia glomerata. Grev., “Flor. Edin.” Berk., “Eng. 
Flor.,” vol. v. p. 365. Cooke, “ Hdbk.,” p. 500 ; “ Micro. Fungi,” 
4th edit., p. 206. 

Lxsiccati. 

Berk., 220. 

On Senecio jacobea. 

August to November. 
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BIoLocy.—The presence of the mycelium causes elongated fusi- 
form swellings on the petioles and midribs. It differs from P. sene- 
czonzs in the darker colour of the sori, which are almost black. 


VI. LEPTOPUCCINIA. Schrot. 


Having teleutospores only, which germinate upon the living plant as soon 
as they have arrived at maturity. The germ-tubes of the promycelial spores 
enter the host-plant either through the stomata or between the epidermal cells. 


Puccinia arenarie. (Schum.) 


Teleutospores—Sori compact, pulvinate, roundish, scattered, often 
circinate. Spores broadly fusiform or pyriform, summits 
pointed or rounded, often thickened, base rounded or attenu- 
ated, slightly constricted, smooth, pale yellowish brown, 30-50 
X Io-z0u,  Pedicels hyaline, colourless, as long as the 
spores. 

Synonyms. 
Puccinia arenavie (Schum.). Winter in Rabh., “ Krypt. Flor.,” 

vol. i. p. 169. 

Uredo arenarie. Schum., “ Enum. Plant. Sell.,” vol. ii. p. 232, 
Puccinia lychnidearum, Link.  Berk., “Eng. Flor.,” vol. v. 

p. 367, in part. Cooke, ‘‘Hdbk.,” p. 505, in part; “Micro. 

Fungi,” 4th edit., p. 2z0, in pant, 

Puccinia mehringia, Fckl. Cooke, “Micro. Fungi,” 4th 

edit., p. 210. 

Puccinia stellarie, Duby. Vize, Exs. 

Puccinia sagine, Fckl, Vize, Exs. 

Puctinia dianthi, D.C. Vize, Exs. 

Puccinia spergula,D. C. Cooke, “ Micro. Fungi,” 4th edit., 

p. 220. 

LExsiccati. 
Cooke, i. 8, 297; ii, 129, 130, 321, 432. Vize, “Micro. 

Fungi,” 35,125; “Micro, Fungi Brit.,” 32, 35. 


On Dianthus barbatus, Mehringia trinervia, Stellaria media, 
uliginosa, holostea, Sagina nodosa, procumbens, Spergula arvensis. 
May to November. 


BIOLOGY.—Cornu found that the teleutospores from MZ. ¢rinervia 
reproduced themselves in twenty-nine days on Alsine media and 
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Stellaria holostea. De Bary found P. dianthi from D. barbatus would 
not reproduce itself on Sz/ene inflata and Lychnis diurna, and that the 
germ-tube of the promycelial spores entered the host-plant through its 
stomata. ‘ 


Puccinia chrysosplenii. Grev. 


Teleutospores—Sori compact, very small, scattered or collected into 
concentric groups, roundish, often confluent. Spores fusiform 
or clavate, summits much thickened, conical or rounded, base 
attenuated, very slightly or not at all constricted in the middle, 
smooth, pale yellow-brown, 28-45 x 10-164. Pedicels long, 
firm. 

Synonym. 


Puccinia chrysospleniz. Grev., “ Flor. Edin.,” p. 429. Berk., 
“Eng., Flor.,” vol. v. p. 367. Cooke, “ Hdbk.,” p. 506; “ Micro. 
Fungi,” 4th edit., p. 210. Winter in Rabh., “ Krypt. Flor.,” vol. 1 
p. 165 

Lexsicatt. 


Cooke, ii. 322; Vize, “Micro. Fungi.,’ 
Brit.,” 218. , 


119; “Micro. Fungi 


On Chrysosplenium alternifolium and oppositifolium. 
April and May. 


Puccinia veronice. (Schum.) 


Teleutospores—Sori at first yellowish, then brown, generally circi- 
nating, pulverulent. Spores fusiform, apex rounded, slightly 
constricted in the middle, pale yellowish, smooth, 28-36 x 
10-124. Pedicels as a rule not quite so long as the spores. 


Synonyms. 

Puccinia veronice (Schum.). Schrot., ‘“Krypt. Flor. Schl.,” 
vol. iii, p. 347. Var. a /ragilipes—Winter in Rabh., “ Krypt. 
Flor.,” vol. i. p. 166. 

Uredo veronica. “Schum., “ Enum. Plant. Seell.,” vol. ii. p. 288. 


On Veronica montana and alpina. 
June to October. 
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Puccinia valantie. Pers. 


Teleutospores—Sori compact, round, pulvinate, on the stems 
elongated and often confluent, at first yellow, then - brown, 
then almost black. Spores fusiform, slightly constricted, sum- 
mits much thickened, smooth, pale yellow-brown, 35-65 X 12- 
17m. Pedicels firm, long. 


Synonyms. 

Puccinia valantia, Pers. “Obs. Myc.,” vol. ii. p. 25. Winter 
in Rabh., “Krypt. Flor.,” vol. i. p. 167. Berk., “Eng. Flor.,” 
vol. v. p. 366. Cooke, “Hdbk.,” p. 500; “Micro. Fungi,” 4th 
edit., p. 207, Grev., “Flor. Edin.,” p. 432, in part. 

Lucinia acuminata, Fckl. Cooke, ‘‘ Micro. Fungi,” 4th edit., 
p. 207, 

Puccinia galii-cruciatt. Johnst., “Flor. Berw.,” vol. ii. p. 196. 


Lixsiccatt. 
Cooke, i. 38; ti. 437; “L. F.,” 14. Vize, “ Fungi Brit.,” 24 ; 
“‘ Micro. Fungi Brit.” 27, 213. 
On Galium cruciata, saxatile. 
June to September. 


Puccinia malvacearum. Mont. 


Teleutospores—Sori greyish brown, compact, round, pulvinate, 
elongate on the stems, scattered, seldom confluent, pale 
reddish brown. Spores fusiform, attenuated at both extremi- 
ties, apex sometimes rounded, constriction slight or absent, 
apical thickening slight, smooth, yellow-brown, 35-75 X I5- 
25u. Pedicels firm, long, sometimes measuring 120, 


Synonym. 
Puccinia malvacearum (Mont.). Gay, “ Hist. Chili,” vol. viii. 


Pp. 43. Cooke, “Micro, Fungi,” 4th edit., p. 205. Winter in 
Rabh., “ Krypt. Flor.,” vol. i. p. 168. 


Lixstecats. 
Cooke, i. 630; ii. 137. Vize, “ Fungi Brit.,” 27. 


On Malva moschata, sylvestris, rotundifolia, Althea rosea. 
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BIOLOGY.—The sori occur on yellow spots on the leaves, which 
often, as the leaves expand, fall out and leave circular perforations. On 
the stems the sori are elongated, often with pointed extremities ; they 
fall off as the stems grow, and leave elliptical wounds, at the bottom of 
which the woody parts of the stem are exposed. The sori often occur 
on the calyces and on the young fruit. The teleutospores readily 
germinate in water. I have infected cotton plants with the promy- 
celial spores, but obtained no result. 

This fungus was first described by Montagne in 1852, from a speci- 
men from Chili. I have in my herbarium a specimen from Melbourne, 
Australia, gathered in 1865. It is said, however, to have been found 
in Algeria at an early date on Lavatera cretica. In 1869, it appeared 
in Spain.* In April, 1873, Durieu found it near Bordeaux, and in the 
same month Decaisne at Montpellier. In June and July, it appeared 
in England, and did great damage to the hollyhocks. It was found by 
Messrs. Roper, Hussey, Paxton, and Parfitt at Exeter, Salisbury, 
Chichester, and soon after by myself at King’s Lynn. In October, 
Schréter found it in Bavaria; in January, 1874, Beltrani-Pisani met 
with it at Rome; and in April it was seen at Panisperma, in June at 
Erlangen, in July at Dusseldorf, and in the course of a year or two 
spread all over Europe from Athens to Denmark and Finland. So 
virulently did it attack the hollyhocks that for several years they 
almost disappeared from our gardens. It seems to have spent its 
energy, as these plants are again beginning to be cultivated. Kellerman, 
in 1874, pointed out that germ-tubes of the promycelial spores insinu- 
ated themselves between the epidermal cells, and he described the 
haustoria on the mycelium. He found that on plants cultivated indoors 
spore-formation continued throughout the winter. 


Puccinia circze, Pers. 


Teleutospores—Sori compact, pulvinate, round, at first yellowish, 
then brown, often circinate. Spores two kinds, similar in form, 
but differing in colour, those formed earlier in the year being 
paler, those formed later being a darker brown, fusiform, with 
thick (6 or 74) conical apices, attenuated towards the stem, 
very slightly constricted in the middle, 23-40 x 10-14p. 
Pedicels hyaline. 

Synonym. 
Puccinia circee, Pers. “Disp. Meth.,” p. 39. Winter in 


* For an account of the spread of this fungus in Europe, see Egon Ihne, 
‘* Studien zur Pflanzengeographie.” 1880. 
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Rabh., “ Krypt. Flor.,” vol. i. p. 168. Berk., “Eng. Flor.,” vol. v. 
p. 368. Cooke, “Hdbk.,” p. 507; “Micro. Fungi,” 4th edit. 
p- 211. 
Lxsicati. 
Berk., 319. Cooke, i. 50; ii. 131. Vize, “ Fungi Brit.,” 16, 
120; ‘‘Micro. Fungi Brit.,” 125. 


On Circea lutetiana. 


BIOLOGY.—Schréter pointed out the two spore-forms, and that, 
while the paler teleutospores germinated at once on the living host- 
plant, the darker ones only did so after a period of rest. The resting 
spores are often produced on the stems, petioles, and midribs. 


Puccinia veronicarum. D. C. 


Teleutospores—Sori pulvinate, compact, firm, dark chestnut-brown, 
often greyish. Spores fusiform, surmounted with a thickened 
conical point, constricted in the middle, 35-40 x 15-20p. 
Epispore smooth, thick, pale or dark brown, 6-op thick at 
the apex of the spore, colourless above. Pedicels firm,. yellow- 
ish, 24-46 long (Schrot.). 


Synonyms. 

Puccinia veronicarum. D. C., “Flore frang.,” vol. ii p. 597. 
Pers., “Syn.,” p. 45. Winterin Rabh.,, “ Krypt. Flor.,” vol. i. p. 166, 
in part. Schrot., ‘‘ Krypt. Flor. Schl.,” vol. iii. p. 348. Johnst., 
“Flor. Berw.,” vol. ii. p. 194. Berk., “ Eng. Flor.,” vol. v. p. 364. 
Cooke, “‘ Hdbk.,” p. 496 ; “ Micro. Fungi,” 4th edit., p. 204. 

Puccinia veronica, forma B persistens, Kor, 


Lixsiccat?, 
Cooke, ii, rr2; “L. F.,” 4. Vize, “ Fungi Brit.,” 28 ; “ Micro, 
Fungi Brit.,” 124. 


On various species of Veronicze. 
July to September. 


Puccinia glechomatis. D.C. 


Teleutospores—Sori yellowish, then brown, becoming darker, com- 
pact, round, pulvinate, single or circinating, causing elongated 
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swellings on the stems, petioles, and nerves. Spores elliptical 

or fusiform, central constriction slight, summits surmounted 

by a pointed erect or oblique papilla (8-10 high), smooth, 
chestnut-brown, 30-50 x 16-244. Pedicels very long, rather 
firm. 

Synonyms. 

Puccinia glechomatis. D. C., “Encycl.,” vol. viii. p. 245. 
Berk., “Eng. Flor.,” vol. v. p. 364. Cooke, “ Hdbk.,” p. 496; 
“Micro. Fungi,” 4th edit., p. 204, t. iv. figs. 73, 74. 

Puccinia verrucosa (Schuliz). Winter in Rabh., “ Krypt. Flor.,” 
vol, i. p. 166. 

Lixsiccati. 

Cooke, i. 29; il. 438, 635; “L. F,” 8. Wize, “Fungi Brit.,’ 
114; “Micro. Fungi Brit.,” 126.. 

On Glechoma hederacea. Prof. J. W. H. Trail has met with 


this species (?) on Prunella vulgaris, on Ben Lawers, in September. 
June to October. : 


Puccinia. asteris. Duby. 
Teleutospores—Sori rather large, confluent into pulvinate masses, 
“amphigenous, brown, with a greyish tinge. Spores cylindrical, 
fusiform, or clavate, smooth, brown, apex rounded or truncate, 
rarely attenuated into a conical point, lower cell cuneiform, 
attenuated below, 45-60 x 20-25. Pedicels. long, stout. 


Synonyms. 
Puccinia asteris, Duby. ‘Bot. Gall.,” vol: ii. p. 888. 
Puccinia tripolit, Wallr. Cooke, “ Micro. Fungi,” 4th edit., 


p- 207. 
LEixsiccate, 


Cooke, i. 631; ii. 127. Vize, “ Fungi Brit.,” 25. 


On Aster tripolium. 
June to September. 


Puccinia millefolii, Fckl. 


Teleutospores—Sori small, rounded, but generally irregular and 
following the structure of the foliage, soon naked, persistent. 
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Spores ovate or fusiform, apex generally rounded and thick- 
ened, often subtruncate, pale brown, smooth, 45-55 X 18-20. 
Pedicels not very long. 


Synonym. 
Puccinia millefolit. ¥ckl., “Symb. Myc.,” p. 55. Cooke, 
“Micro. Fungi,” 4th edit., p. 207. 


Lxsiccatt. 
Cooke, ii. 633. Vize, ‘‘ Fungi Brit.,” 33. 


On Achillea millefolium. 
August to October. 


BIoLoGy.—This species is, by both Winter and Schréter, united 
with P, asterés,; but I found that, by placing the promycelial spores of 
P. millefolit on Aster tripolium, no effect was produced. Neither did 
a plant of Achillea, which was richly covered by the teleutospores and 
planted close to two plants of Aster, so that the diseased foliage of the 
former touched the latter, cause them to become diseased, although 
they grew together for a period of two months. 


Puecinia cardui (nov. sp.). 


Teleutospores—Sori small, circinating, crowded and confluent in 
large clusters, 3 or 4 mm. across, hypophyllous, long covered by 
the epidermis ; spots pale on the opposite surface of the leaf. 
Spores fusiform, subcylindrical, or clavate, markedly constricted, 
smooth, pale brown, base attenuated, apex generally thickened 
and rounded, 45-50 X 16-18. Pedicels pale brown, per- 
sistent, as much as 50, long. 

Synonyms. 
Puccinia syngenesiarum, Link. Johnst., “ Flor. Berw.,” vol. ii. 

p- 97- Berk., ‘‘ Eng. Flor.,” vol. v. p. 365. Cooke, ‘“* Hdbk.,” 


p- 499; “ Micro. Fungi,” 4th edit., p. 206, t. iv. figs. 63, 64. 
Puccinia cirsit, Fckl. Exs. No. 340 (?). 


On Carduus lanceolatus, crispus. 
August to October. 


BIOLOGY.—This species has the appearance of a Leptopuccinia, 
but it may belong to the previous group, It is clearly not the plant 
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described by Link (“ Sp. Plant.,” vol. vi. pt. ii. p. 74), which has very 
short pedicels, and occurred on Tussilago alpina and Centaurea 
alpina. It may be Fuckel’s P. cirsiz. 


Puccinia buxi. D.C. 


Teleutospores —-Sori chestnut-brown, compact, hemispherical, 
cushion-shaped, soon naked, amphigenous. Spores oblong or 
elliptical, deeply constricted, upper cell obovate, apex rather 
thickened, lower cell attenuated below, cuneiform, generally 
longer than the upper, brown, smooth, 55-90 X 25—-35y. 
Pedicels very long. 

Synonym. 

Puccinia buxi. D. C., “ Flore frang.,” vol. vi. p. 60. Winter 
in Rabh., “Krypt. Flor.,” vol. i. p. 164. Sow., t. 439; Berk., 
“Eng. Flor.,” vol. v. p. 369. Cooke, “ Hdbk.,” 508; “ Micro. 
Fungi,” 4th edit., p. 212. 

LExsiccati. 

Berk., 109. Cooke, i. 52; ii. 140. “L. F” 23. Vize, 

“Fungi Brit., 11. 


On Buxus sempervirens. 
April to May. 


BioLocy.—The spores have a tendency to fall in halves at the 
septum. The sori occur on both surfaces of the leaves, and are accom- 
panied by slight yellowish or brown discolorations. Schréter was 
unable to get this fungus to reproduce itself by applying the promy- 
celial spores to the foliage of box plants.’ It seems to me probable 
that the germ-tubes enter the leaves and give rise to a mycelium 
which remains in a quiescent state until the following spring. This, 
however, is only an opinion, and has not been proved by experimental 
culture. 


Puccinia annularis. (Strauss). 


Teleutospores—Sori small, compact, round, confluent in subrotund 
patches, hypogenous, at first greyish brown, then cinnamon, 
at length brown from the rupture of the epidermis. Spores 
oblong, slightly constricted in the middle, summits rather 
strongly thickened, rounded, rarely truncate, sometimes attenu- 
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ated, smooth, very pale yellowish brown, 30-50 X 15-20p. 
Pedicels very long, persistent, hyaline. 


Synonyms. 
Puccinia annularis (Strauss). Winter in Rabh., “ Krypt. Flor.,” 
vol. i. p. 165. 
Uredo annularis. Strauss (in “ Wetter. Annal.,” vol. ii. p. 106). 
Puccinia scorodinia, Link. Cooke, “ Hdbk.,” p. 497; “ Micro. 
Fungi,” 4th edit., p. 205. Berk, ‘‘ Eng. Flor.,” vol. v. p. 364 
Johnst., “ Flor. Berw.,” p.. 194. 


Exsiccatt. 
Cooke, i. 31; ii. 329; “L. F.,” 9. Vize, “Fungi Brit.,” 17; 
‘“‘ Micro. Fungi Brit.,” 123, 


On Zeucrium scorodontia. 
September and October.. 


B1oLoGy.—The sori occur on. the under side of the leaves, on 
brown concave spots. As I understand Schréter, he considers the 
production of those spores which germinate at once ceases with the 
cold weather, and that the spores produced under the influence of a 
low temperature, as well as those which are found late in the year, 
surrounded by a circumferential zone of dead leaf-tissue, retain their 
power of germination until the following year. 


TRIPHRAGMIUM. Link. 


Teleutospores separate, pedicellate, composed of three cells 
placed laterally, which are triangular in form and firmly held 
together, each cell having a single germ-pore. 


BRACHYTRIPHRAGMIUM. 
Having spermogonia, uredospores, and teleutospores, 


Triphragmium ulmarie. (Schum.). 


Primary uredospores—Vernal, spermogonia flattish, spermatia 
about 6m long. Sori hypophyllous, very large, pulverulent, 
mostly on the petioles and venation, causing elongated swell- 
ings, which greatly distort the affected leaves by preventing 
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their expansion, more rarely in compact, extended sori on the 

under surface of the leaves. Spores brilliant orange, finely 

verrucose, globose, oval, or ovate, pedicellate, 18-24 X 17-22p. 
Secondary uredospores—In summer and autumn. Sori hypophyll- 

ous, small, round, orange. Spores globose or elliptical, finely 

echinulate, orange-yellow, 18-30 X 18-28. 
Leleutospores—Sori small, round, black, persistent, but pulverulent, 

on the leaves and petioles. Spores globose, rough, with obtuse 

warts, chestnut-brown, 35-504 in diameter. Pedicels colour- 

less, persistent.. 

Synonyms. 

Triphragmium ulmarie@ (Schum.). Winter in Rabh., “ Krypt. 
Flor.,” vol. i. p.. 225. 

Credo uimarie. Schum., “ Enum. Plant. Sell.,” vol. ii. p. 227. 

Credo effusa. Berk. “ Eng. Flor.,” vol. v. p. 381. Grev., t. 19. 

Puccinia ulmaria, D.C. “ Eng. Flor.,” vol. v. p. 368. Grev., 
“Flor. Edin.,” p. 433. Johnst., “ Flor. Berw.,” vol. ii. p. 194. 

Pusinia spiree. Purton, “ Midl. Flor.,” vol. ili. p. 304. 

Uromyces ulmaria, Lév. Cooke, “ Micro. Fungi,” 4th edit., 
p. 212, t. vil. figs. 147, 148.. 

Triphragmium ulmaria, Link. Cooke, “ Hdbk.,” p. 492; 
“Micro. Fungi,” 4th edit., p. 202, t. iii. fig. 48. 


Lixsiccate. 
Berk., 343. Cooke, 1. 23, 75; il. 146, 212; “L. F.,” 4, 25. 
Vize, “ Fungi Brit.,” 136. 


On Spivea ulmaria. 
May to October. 


BioLocy.—It is not difficult to find the teleutospores still attached 
to the foliage in spring. These will germinate very readily if placed 
in water. 


Triphragmium filipendule. (Lasch.) 


Primary uredospores—Spores oblong or pyriform, often as much 
as 35 long. 

Secondary uredospores—Sori scattered, roundish, at first covered 
by the epidermis, then surrounded by it, orange. Spores 
globose or ovate, pedicellate, orange. 
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Teleutospores—Sori scattered, roundish, soon pulverulent, brownish, 
then black. Spores globose, at first yellowish, then brown, 
smooth. Pedicels hyaline, rather long. 


Synonyms. 
Uredo filipendule, Lasch in Klotzsch. Rabh., “ Herb. Myc.,” 
1. No. 580. 
Triphragmium filipendule, Pass. “Nuovo Giorn. Bot. Ital.,” 
vol. vii. p. 255. Cooke, “ Grevillea,” vol. xi. p. 15. 


On Spiraea filipendula. 
Mount Caburn, Lewes, September 14, 1862. Herb. Currey. 


PHRAGMIDIUM. Link. 


Teleutospores separate, pedicellate, consisting of from three to 
ten superimposed cells, the uppermost of which has a single apical 
germ-pore, the others about four each, placed laterally. Uredo- 
spores single ; ecidiospores in basipetal chains, The last two 
spore-forms in pulverulent sori, surrounded by clavate or capitate, 
hyaline paraphyses. 


Phragmidium fragariastri. (D. C.) 


Ecidiospores— Spots roundish, especially on the stems and veins, 
irregular, scattered, often confluent, orange-yellow. Spores 
globose or elliptical, produced in chains, verrucose, surrounded 
by clavate, curved paraphyses, orange-yellow, 17-26 X 14-20p. 

Uredospores—Sori orange-yellow, small, with clavate paraphyses. 
Spores globose, ovate, or elliptical, echinulate, orange-yellow, 
17-24 X 14-20p. 

Teleutospores—Sori brownish black, scattered, small, round. 
Spores cylindrical, rounded at both ends, three or four celled, 
brown, coarsely verrucose, especially towards the apex, 46-60 
x 22-26u. Pedicels short, colourless, deciduous, 22 long. 


Synonyms. 
Schrot., “ Krypt. Flor. Schl.,” vol. iii. p. 351. 
Puccinia fragariasiri., D. C., “Flore frang,” vol. vi. p. 55. 
Uredo poterii, Spreng. Berk., “Eng. Flor.,” vol. v. p. 385. 
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Uredo potentille, D.C. Grev., “ Flor. Edin.,” p. 438. Johnst., 
“Flor. Berw.,” vol. ii. p. 199. 

Uredo fragari@, Purton, “ Midl. Flor.,” vol. iii. p. 299. 

Pucinia fragarie, Purton, “ Midl. Flor.,” vol. iii. p. 304. 
Johnst., “ Flor. Berw.,” vol. ii. p. 193. 

Uredo potentille, Grev., “ Flor. Edin.,” p. 428; “ Scot. Crypt. 
Flor.,” t. 57, in part. 

Aregma acuminatum, Fries. Berk., “ Eng. Flor.,” vol. v. p. 358. 

Phragmidium acuminatum, Fries. Cooke, “ Hdbk.,” p. 490; 
“ Micro. Fungi,” 4th edit., p. 201, t. ili. fig. 32. 


LEixsiccatt, 
Cooke, i. 19; ii 211. Vize, “ Micro. Fungi Brit.,” rog. 


On Potentilla fragariastrum. 
May to October. 


Phragmidium sanguisorbe. (D. C.). 


A cidiospores 

Uredospores 

Teleutospores—Sori punctiform, black. Cells in the spores four or 
five, very seldom three, the four cells measuring 44-55 X 20-22, 
cylindrical, apex rounded ; the fifth cell 66—7op long, usually 
with a pointed apex. Epispore dark brown, smooth, or with 
a few scattered obtuse warts. Pedicels delicate, 22u long. 


\ Similar to those of Phragmidium fragariastrt. 


Synonyms. 
Schrot., Joc. cé¢., p. 352. 
Puccinia sanguisorba. D.C., “Flor. frang.,” vol. vi. p. 54. 
Caoma poterit., Schl. 
Phragmidium poterii, Fckl. 
Phragmidium sanguisorbea (D. C.). Schrot., loc. cit., p. 352. 


On Poterium sanguisorba, 
June to October. 


Phragmidium potentille. (Pers.) 


Aicidiospores—Like those of Ph. fragariastrt. 
Uvedospores—Sori orange-red, roundish, often confluent Spores 
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spherical, elliptical, ovate, generally 20-22 Xx 16-20p, finely 
echinulate. Paraphyses abundant, swollen above, curved. 

Teleutospores—Sori black, pulvinate. Spores cylindrical, cells 
four to six, 50-70 X 20-22, constricted, apex rounded or 
slightly pointed, sometimes surmounted with a brown blunt 
point. Pedicels 100-150p long, colourless, rather firm. 


Synonyms. 

Schrot., oc. cét., p. 352. 

Puccinia potentille. Pers., “Syn.,” p. 229. 

Credo obtusa, Strauss. 

Credo potentillarum, D. C. 

Phragmidium potentille, Winter. 

Phragmidium obtusatum, Fries. Cooke, “ Micro, Fungi,” 4th 
edit., p. 201, in part. 

Phragmidium potentille. Schrot., loc. cit., p. 352. 


On Potentilla argentea and various cultivated species. 
May to November. 


Phragmidium tormentille. Fckl. 


Atcidiospores —Resembling those of P2. fragariastri. 

Uredospores—Sori round, small, orange-red, punctiform. Spores 
spherical or ovate, finely echinulate, reddish orange, 20-23 xX 
17—20p. 

Teleutospores—Sori small, round, punctiform, pale brown. Spores 
cylindrical, cells three to ten, generally five to eight, often 
curved, clear brown, smooth, apex rounded or pointed, 
100-160 X 16-224. Pedicels long (toop), equally thick, 
colourless. 

Synonyms. 

Schrot., oc. cit., p- 352. 

Phragmidium tormentilla. ¥ckl., “Symb. Myc.,” p. 46. 

Uredo potentillarum, D.C. Berk., “Eng. Flor.,” vol. v. p. 382. 
Sow., t. 398, fig. 2. 

Puccinia potentilla. Grev., t. 37, 1m part. 

Avegma obtusatum, Fries. Berk., “ Eng. Flor.,” vol. v. p. 359+ 

Phragmidium obtusatum, Fries. Cooke, “ Hdbk.,” p. 491; 
“Micro. Fungi.,” 4th edit., p. 201, t, ili. fig. 35. 
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Lixsiccats, 
Berk , ros. Cooke, i. 22, 67; ii, 100. Vize, “ Fungi Brit.,” 5. 


On Potentilla tormentilla. 


BIoLocy.—I have followed Schroter in the arrangement of these 
species, but am by no means sure this is distinct from the preceding. 
Dietel states (“ Beitrige zur Morph. Biol. der Uredineen,” 1887, p. 9) 
that the teleutospores of P. od¢usatum germinate in the autumn, and 
they resemble Puccinia teleutospores in having an apical germ-pore 
in the upper cell, and only one lateral germ-pore in each of the other 
cells. 


Phragmidium violaceum. (Schultz.) 


cidiospores—Sori hypophyllous, roundish or elongate, often in 
circular clusters on irregularly rounded spots, above which the 
corresponding upper surface of the leaf is reddish, and sur- 
rounded by a broad, irregular, violet-red margin. Paraphyses 
very few. Spores in short chains, globose or elliptical, echinu- 
late, orange-yellow, 11-30 X 17-24. 

Uredospores—Sori greenish yellow, roundish, pulverulent. Spores 
globose, ovate or elliptical, echinulate, verrucose, yellow, 19-25 
X 15-20 

Teleutospores—Sori thick, black, rather persistent. Spores cylin- 
drical, blunt or rounded at both ends, opaque, cells three 
to five, mostly four, verrucose with colourless hemispherical 
flat warts, apex generally provided with a wart-like brown 
point, 70-80 X 25-304. Pedicels long, slightly clavate below. 


Synonyms. 
Schrot., Zoe. cit, p. 353. Winter, loc. cit, p. 231. 
Puccinia violacea. Schultz, “ Prodr. Flor. Starg.,” p. 459. 
Lecythea ruborum, Lévy. Cooke, “Micro. Fungi,” 4th edit., 
p- 221, in part. 
LExsicati. 
Vize, “ Micro. Fungi Brit.,” 442. 


On Rubus fructicosus. 
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Phragmidium rubi. (Pers.) 
icidiospores 
Uredospores 
Teleutospores—Sori black, small, loose, round, often confluent. 

Spores cylindrical, rounded, verrucose, cells six to eight (but 
mostly five to six), apex an awl-shaped, hyaline point (5—1o0p), 
77-100 X 25-28u. Pedicels long, bulbous, 70-80, long, 154 
wide. 


\ As in PA. violaceum. 


Synonyms. 

Schrot., doc. c¢t., p. 353- Winter, /oc. cét., p. 230. 

Puccinia mucronata, B rubi. Pers., *‘ Disp. Meth.,” p. 38. 

Puccinia rubi, Sow., t. 400, fig. 9. Purton, “ Midl. Flor.,” 
vol. il. p. 726; iii. p. 507. Grev., “Flor. Edin.,” p. 428. 

Puccinia ruborum, D.C. Grev., “Flor. Edin.,” p. 438. Johnst., 
“ Flor. Berw.,” vol. ii. p. 199. Berk., “ Eng. Flor.,” vol. v. p. 382, 
pro parte. 

udium rubi, Sow., t. 398, fig. 1. 

Lecythea ruborum, Lév. Cooke, “ Micro. Fungi,” 4th edit., 
p. 221, in part. 

Aregma bulbosum, Fries. Berk., ‘ Eng. Flor.,” vol. v. p. 358. 

Phragmidium bulbosum, Fries. Cooke, “Hdbk.,” p. 491; 
“ Micro, Fungi,” 4th edit., p. 201. 


LExsiccati. 
Baxter, 33. Cooke, i. 18, 20; ii. 65, 99, 209. Vize, “ Micro. 
Fungi Brit.,” 443, 449. 


On Rubus fructicosus, cestus, saxatilis. 


BIOLOGY.—The teleutospores often remain attached to those leaves, 
which survive the winter and may be gathered in spring, when the 
teleutospores will germinate very readily if placed in water. The 
zecidiospores have six germ-pores. 


Phragmidium subcorticatum. (Schrank.) 


A cidiospores—Similar to those of the preceding species, but when 

they occur on the peduncles and stems they form large pulve- 

.rulent orange sori. Spores rounded or ovate, finely echinu- 
late, orange-yellow, 17-25 X 12-204 
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Uredospores—Sori rounded, soon naked, yellowish orange, often 
confluent. Spores globose, elliptical, or ovate, echinulate, 
yellow, 18-30 X 15-25. 

Teleutospores—Sori black, small, loose, round, scattered over the 
whole leaf. Spores verrucose, apex attenuated into a hyaline 
point, 10-124 long, base rounded, dark brown, cells seven 
to nine, 80-100 X 25-30. Pedicels bulbous, very long, 
I0O—I Tom. 

Synonyms. 

Schrot., foc, cit, p. 353. Winter, loc. cit, p. 228. 

Lycoperdon subcorticatum. Schrank. in Hoppe’s Bot. Taschd., 
1793, Pp. 68. 

Uredo effusa, Strauss. Grev., “ Flor. Edin.,” p. 439; ‘Scot. 
Crypt. Flor.,” t. r9. Johnst., “ Flor. Berw.,” vol. ii. p. 199. Berk., 
“Eng. Flor.,” vol. v. p. 381, in part. 

Uredo aurea. Purton, “ Midl. Flor.,” vol. ii. p. 725. 

_ Credo rose, D. C. Grev., “Flor. Edin.,” p. 348. Berk., 

“Eng. Flor.,” vol. v. p. 381. 

Puctinia rose. Grev., “Flor. Edin.,” p. 428; “Scot. Crypt. 
Flor.,” t. 15. Purton, ‘‘Midl. Flor.,” vol. iii. t. 28, No. 1551, 
p. 301. Johnst., “Flor. Berw.,” vol. i. p. 193. 

Coleosporium pingue, Lév. Cooke, “‘ Hdbk.,” p. 520; “ Micro. 
Fungi,” 4th edit., p. 217. . 

Coleosporium miniatum, Pers. Cooke, ‘Micro. Fungi,” 4th 
edit., p. 217. 

Lecythea rose, Lév. Cooke, “ Micro. Fungi,” 4th edit., p. 221, 
t. iii: fig. 37. 

Aregma mucronatum, Fries. Berk., “Eng. Flor.,” vol. v. 
p- 385; “ Outl,” p. 329. Grev., t. 15. 

Phragmidium bullatum, West. Cooke, “Micro. Fungi,” 4th 
edit., p. 202. 

Phragmidium mucronatum, Fries. Cooke, “ Hdbk.,” p. 490; 
“Micro. Fungi,” 4th edit., p. 201, t. iii. fig. 38. 

Lixstccate. 

Cooke, i. 17; ii. 66, 98. Vize, “Fungi Brit.” 2, 40, 138; 

“ Micro. Fungi Brit.,” 450. Baxter, 37. 


On Rosa canina, centifolia. 
June to October. 
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Phragmidium rose-alpine. (D. C.) 


Aicidiospores—Sori of two kinds, on the leaves, small and puncti- 
form; on the stems, large and erumpent. Spores polygonal 
or ovate, echinulate, orange-yellow, 17-28 X 15-20. Para- 
physes globose, colourless. 

Uredospores—Sori small, round, pale yellow. Spores rounded or 
oval, echinulate, yellow, 15-zop in diameter. 

Teleutospores—Sori very small, black. Spores rounded or oval, 
cell ten to thirteen, thickly verrucose, cylindrical, fusiform, 
attenuated at both ends, apex with a conical colourless papilla, 
dark brown, 115-120 X 18-254. Pedicels as long as the 
spores, 

Synonyms. 
Winter, /oc. cit., p. 227. 
Uredo pinguis, B Rose alpine. D.C., “ Flore frang.,” vol. ii. 

P- 235: 

Phragmidium fusiforme. Schrot., “ Brand. und Rostp.,” p. 24. 
On Rosa alpina. Scotland. 
July to October. 


Phragmidium rubi-idei. (Pers.) 


Acidiospores—Sori small, epiphyllous, greenish yellow, often cir- 
cular, abundant, umbilicate. Spores in short chains, round or 
oval, echinulate, orange-yellow, 20~30 in diameter. Para- 
physes globose, orange-yellow. 

Uredospores—Sori small, scattered, pale orange. Spores globose 
or ovate, echinulate, yellow, 16-22 in diameter. 

Teleutospores—Sori roundish, small, loose, scattered, black. Spores 
opaque, cylindrical, dark brown, apex with a blunt, conical 
hyaline papilla, cells eight to ten, 110-130 X 20-304, Pedi- 
cels long (120-135), bulbous. 


Synonyms. 
Winter, foc. cit., p. 231. 
Uredo rubi-idai. Pers., “Obs. Myc.,” vol. il. p. 24. 
Uredo gyrosa, Reb. Berk., “ Eng. Flor.,” vol. v. p. 384. Grev., 
“ Flor, Edin.,” p. 439. 
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Lecythea gyrosa, Berk. Cooke, “Micro. Fungi,” 4th edit., 
p. 222. 

Puccinia gracilis. Grev., “Flor. Edin.,” p. 428. Johnst., 
“Flor. Berw.,” vol. ii. p. 193. 

Aregma gracile, Grev. Berk., “Eng. Flor.,” vol. v. p. 358. 

Phragmidium gracile, Berk. Cooke, “Hdbk.,” p. 491; 
“ Micro. Fungi,” 4th edit., p. 201. 


Lixsiccatt. 
Cooke, i. 21, 64; ii. 68, 210. Vize, “ Fungi Brit.,” 4; “ Micro, 
Fungi Brit.,” 119. Baxter, 39. 


On Rubus ideus. 
July to October. 


XENODOCHUS. Schlecht. 


Teleutospores separate, pedicellate, cylindrical, multicellular 
(15-20); A&cidiospores in basipetal chains. 


Xenodochus carbonarius. Schlecht. 

A cidiospores—Sori orange-red, large, roundish, on the stems 
elongated. Spores in short chains, subglobose, orange-yellow, 
verrucose, 15-25 X 15-204. Paraphyses clavate, with traces 
of orange-yellow endochrome. a 

Teleutospores—Sori jet-black, thick, pulvinate, roundish, often 
confluent. Spores long, cylindrical or vermiform, often curved, 
cells ten to twenty, much constricted, generally smooth, 
except the terminal, which are slightly verrucose, dark brown, 
cells 15-204, the whole spore 250-300u long. Pedicels 
very short, persistent. 


SYNONYMS. 
Phragmidium carbonarium (Schlecht.). Winter in Rabh., 
“ Krypt. Flor.,” vol. i. p. 227. 
Xenodocthus carbonarius. Schlecht., “Linnea,” vol. i. p. 237, 
t. iii. fig. 3. B.and Br., No. 133. Currey, Micro. Jour., vol. v. 
t. 8, fig. 34. Cooke, ‘“‘ Hdbk.,” p. 489; “ Micro. Fungi,” 4th edit., 
p. 201, t. lil. fig. 29. 
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Lecythea poterit, Lév. Cooke, “ Micro. Fungi,” 4th edit., 
p. 221, t. ili. fig. 31. 
Uredo miniata, Pers., “Syn.,” p. 216. 


LExxsiccati. 
Berk., 323. Cooke, i. 315; ii. 97. Vize, “ Fungi Brit.,” 1. 


On Sanguisorba officinalis. 
June to October. 


Xenodochus curtus. Cooke. 


Teleutospores—Sori scattered in very small tufts. Spores abbre- 
viated, obtuse, broad, of from four to eight articulations. 


Synonym. 
Xenodochus curtus. Cooke, “ Micro. Fungi,” 4th edit., p. 201. 


On leaves of Valeriana officinalis (?) 
I have no knowledge of this species. 


ENDOPHYLLUM. Lév. 


Teleutospores in basipetal chains, enclosed in a pseudoperi- 
dium of barren cells, and resembling the zecidiospores of Puccinia, 
but germinating by the protrusion of a promycelium and the 
abstriction of promycelial spores. 


Endophyllum euphorbie. (D. C.) 


Mycelium perennial. Spermogonia mostly on the upper surface of 
the leaves, yellow. Pseudoperidia hypophyllous, on all the 
foliage, round, immersed, wide, edges thick, erect. Spores 
subglobose, granular, orange, 16-26 X 12-18y. 


Synonyms. 
Endophyllum euphorbia-sylvatice, Lév. Winter in Rabh,, 
“ Krypt. Flor.,” vol. i. p. 251. 
Atcidium euphorbia. D. C., “ Flore frang.,” vol. ii. p. 241. 
Atcidium euphorbia, Pers. Berk., “ Eng. Flor.,” vol. v. p. 374: 
Cooke, “ Hdbk.,” p. 537. “Micro. Fungi,” 4th edit., p. 195. 
Purton, vols. ii. and iii., No. 1537. 


ei le 
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Exsiccatt, 
Berk., 299. Cooke, i. 6; ii 302. Vize, “ Fungi Brit.” 154. 
“ Micro. Fungi Brit.,” 458. 


On Euphorbia amygdaloides. 
April to June. 


BIoOLOGY—The spores of this species germinate freely in water, and 
produce a promycelium with three or four promycelial spores. When 
placed on the cuticle of a leaf of the proper host-plant, these promy- 
celial spores bore, by means of their germ-tubes, through the epidermal 
cells and enter the parenchyma of the leaf, between the cells of which 
they soon produce a richly branched and widely. extending mycelium. 
If the entrance has been effected into-an old: leaf, the further develop- 
ment of the parasite ceases when the leaf falls off. The: mycelium 
passes along the petiole and enters the stem, where it may be found, 
especially in the pith and inner bark. In the following spring, the 
foliage which is produced by an infected, is different from that which 
is produced by a healthy plant. The affected plant sends up longer 
shoots, with shorter and wider leaves, which have a paler green colour 
than the hedlthy foliage (De Bary, Meue Untersuch., 1865, pp. 20, 21). 
I find that the promycelial spores often send out germ-tubes while 
still attached to the promycelium. I have always failed in permanently 
infecting old plants of Euphorbia ; no matter what the age of the leaves 
may be, in the ensuing spring the foliage has always been healthy. 
But if a young seedling be infected shortly after it has come up—that 
is, while not more than a month or two old—the mycelium produced 
in its leaves readily gains an entrance into the stem. The foliage, 
. and shoots sent up by it in the following year are pervaded by the 
perennial mycelium, and produce ecidia abundantly during the spring ; 
but the late summer and autumn foliage differs little from healthy 
foliage, excepting that the: leaves are somewhat shorter. The next 
vernal foliage is, however, zcidiiferous. The affected plants seldom 
flower. 


Endophyllum sempervivi. (Alb. and Schw.) 


Mycelium perennial. Spermogonia globose, then conical, yellow. 
Pseudoperidia scattered, immersed, at first papilleeform, open- 
ing above by a small foramen, then broadly cup-shaped, with 
whitish edges. Spores subglobose or angular, verrucose, 
orange, 20-30 in diameter, sometimes 30m long. 
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Synonyms. 
Winter in Rabh., “Krypt. Flor.,” vol. i. p. 252. 
Uredo sempervivt. Alb. and Schw., “ Consp.,” p. 126. 
Endophyllum sempervivi, Lév. Berk., Ann. Nat. Hist., No. 476. 
Cooke. “ Hdbk.,” p. 546; ‘“‘ Micro. Fungi,” 4th edit., p. 200. 


On Semperwivum tectorum. 
April and May. 


BIOLOGY.—The cups are produced early in the year; the spores 
germinate at once, and the promycelial spores enter all parts of the 
leaves, including. the hairs, and produce mycelium in them as in 
the preceding species. During the summer the infected leaves and 
shoots maintain their normal appearance, but towards autumn the 
lower leaves fall off from the rosettes. The leaves produced_during 
the summer after infection, and those produced from infected plants 
during the winter and spring, are more elongated in their contour, and, 
towards the base especially, have a paler, yellowish hue. The my- 
celium from the leaves reaches the stems, and all the leaves subse- 
quently produced from the plant are pervaded by the mycelium (De 
Bary, Neue Untersuch., 1865, p. 20). 

It has been assumed that this Endephyllum on Sempervivum is 
identical with that on Sedum acre, but I have been unable to produce 
the Endophyllum on Sedum acre from the spores of £. sempervivt, 
although the same spores sown on Sempervivum tectorum always 
produced the Endophyllum in the following spring. I was further 
unable to infect S. proliferum and californicum. Mr. W. G. Smith 
(Gard. Chron., 1880, pp. 660 and 725) reports this fungus on S. monda- 
num, and Mr. Badger (p. 815) on S. globiferum and calearum, 


GYMNOSPORANGIUM. Hedw. 


Teleutospores bicellular, united by a gelatinous matrix into 
variously shaped spore-masses. Each cell provided with from 
two to four germ-pores, placed laterally near the septum. Aicidio- 
spores in basipetal chains with alternate barren cells, enclosed in 
a pseudoperidium. 


Gymnosporangium sabine. (Dicks.) 


cidiospores—Spots at first orange, then reddish, thickened, 
generally circular. Pseudoperidia flask-shaped, pale brown, 
split to the base into lacinize which remain for a long time 
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united at the apex; the laciniz are joined at intervals by 

short transverse trabeculae. Spores subglobose, finely verru- 

cose, brown, 25-40 X 18-25, 

Teleutospores—Mycelium perennial, causing fusiform swellings on 
the branches of the host-plant. Spore-masses vernal, 
cylindrical or clavate, generally compressed laterally, 8- 
1o mm. high, at first blackish, firm, then red-brown and 
gelatinous. Spores broadly fusiform or bipyriform, central 
constriction almost none, yellowish brown or chestnut-brown, 
with four germ-pores, 38-50 xX 23-26y, (Plate IV. figs. 
rz and 12.) 

Synonyms. 

Winter in Rabh., “ Krypt. Flor.,” vol. i. p. 232. 

Tremella sabing. Dicks., “Plant. Crypt. Brit.,” vol. i. p. 14; 
“Eng. Bot.,” t. 710. With., vol. iv. p. 68. Purton, “ Midl. Flor.,” 
vols. iL, iii, No. 883. 

Podisoma sabine, Fries. Berk., “Eng. Flor.,” vol. v. p. 362. 
Pers., “ Disp. Meth.,” t. ii. fig. 1. ‘Eng. Bot.,” t. 710. Berk., 
“Outl.,” t. ii. fig. 4. Cooke, “ Hdbk.,” p. 510; “ Micro. Fungi,” 
4th edit., p. 214. 

Myxosporium colliculosum.  Berk., “Outl.,” p. 325. Sow., 
t. 409. 

Restelia cancellata, Reb. Berk., ‘Eng. Flor.,” vol. v. p- 373- 
Sow., t. 409, 410. Cooke, “ Hdbk.,” p. 533; “ Micro. Fungi,” 
4th edit., p. 193, t. ii. figs. 20, 21. 


LExsicati. 
Berk., 58, 107. Cooke, i. 332. Vize, “ Micro. Fungi Brit.,” 
37, 55+ 


Ecidiospores on Pyrus communis, July to September. 
Teleutospores on Juniperus sabina, April to May. 


BIoLocy.—All the Gymnosporangia are easy of cultivation. If the 
gelatinous masses be placed in water they swell up, and in twelve or 
eighteen hours are covered by a golden-yellow powder, the promycelial 
spores. ‘These, diffused in water and applied to the proper host-plant, 
are almost certain to produce ecidiospores. The teleutospores in the 
present species vary somewhat in shape, being often slightly contracted 
at both ends so as to resemble two pyriform bodies joined at their 
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broad ends. The teleutospores are of two kinds, similar in form, but 
differing in colour. In the first kind the spore-walls are hyaline, and 
the contents orange ; in the second, the spore-walls are thicker, and 
brown or yellowish brown. The dark spores are the least abundant, 
and do not germinate so soon as the paler ones do, although they do 
so within a°comparatively short period. So far as is at present known, 
G. sabine has its zcidiospores on the common pear only, which cul- 
ture I have successfully made in seventeen experiments. e 


Gymnosporangium confusum. Plow. 


A cidiospores—Pseudoperidia on thickened roundish spots, orange 
above, and often surrounded by a reddish or purple line, 
cylindrical or cylindrico-fusiform, opening by lateral longitu- 
dinal fissures, at length fimbriate. Spores subglobose, pale 
brown, verrucose, 15-20 in diameter. 

Teleutospores—Mycelium perennial. Spore-masses vernal, at first 
tuberculate, .dark chocolate-brown, almost black, soon becom- 
ing cylindrical, often compressed, 5-8 mm.. long, then rich 
chestnut-brown, swelling when moist, and speedily covered with 
golden-yellow promycelial spores. | Spores smooth, oval or 
elliptical, generally acute at both ends, of two kinds, the more 
numerous with hyaline spore-walls and orange-yellow contents, 
the other with dark brown, thick walls, 40-50 x 20-25p, with 
from two to four germ-tubes. Pedicels long (80-100), hyaline. 
(Plate IV. figs. 13 and 14.) 


Synonyms. 
Ecidium penicillatum, Mull. (?) 
cidium mespilt, D.C. Winter, Zoe. cit., p. 266. 


Lixsiccati. 
Vize, “Micro. Fungi Brit.,” 454, 545, 551. 


Ecidiospores on Crategus oxyacantha, Mespilus germanica, 
grandifiora (?), Pyrus vulgaris, June to August. 
Teleutospores on Juniperus sabina, April to May. 


BIOLoGY.—This species has hitherto been confounded with G. 
sabine, which it resembles in many points. When the zecidiospores 
occur on Crategus oxyacantha, the spermogonial spots are more 
brightly coloured than those of G. clavarieforme. The zcidiospores 
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are slightly smaller than those of G. clavarieforme, and the cells of the 
pseudoperidia are delicately reticulated and longitudinally wrinkled. 
In thirty-six cultures I have produced the ecidiospores on C. oxyacan- 
tha from G. confusum ; in six cultures on Pyrus vulgaris (quince), and 
in seven on Mespilus germanica (medlar). I have failed to produce 
any result on apple in three experiments, and on beam inone. Ofthese 
cultures several were serial. Thus, on May 16, 1887, three pears 
and one thorn were infected from the same material ; on the three pears 
no result was obtained, but on the thorn zecidiospores were produced. 
In another series, on the same day, a pear, a quince, and a thorn were 
infected ; the quince and thorn had spermogonia on the 3oth, but 
no result was obtained on the pear. Again, on June 16, a quince, 
two pears, a thorn, a beam, and an apple were infected ; the quince 
and thorn became infected with the ecidiospores, but the pears, 
apple, and beam remained free. On April 25, a pear and two thorns 
were infected ; the two thorns produced the ecidiospores (spermogonia 
appearing on one on May 5, and on the other on the roth), but the pear 
remained free. On May 7, 1885, the same infecting material was 
applied to a medlar and six thorns; both the medlar and all the 
thorns became affected by the 2oth with the spermogonia. In due 
time on the thorns the zcidiospores were developed, and these were 
on June 25 applied to a healthy sabine bush. In September, it was 
noted that many of the leaves had turned yellow ; these during the 
winter and following summer (1886), fell off, and in March, 1887, the 
G. confusum appeared on those parts of the branches from which the 
leaves had fallen off. It may be added, that in only one duplicated 
culture out of the hundred I have made in elucidating the life-history 
of the sabine Gymnosporangia have ecidiospores on both thorn and 
pear been produced from the same infecting material, This was 
doubtless caused by an accidental mixture of teleutospores. 


Gymnosporangium clavarizeforme. (Jacq.) 


Ai cidiospores —Pseudoperidia on yellow, thickened spots, at first 
flask-shaped, then cylindrical, light brown, at length becoming 
fimbriate above. Spores subglobose, verrucose, pale brown, 
20-40 X 20-28, 

Teleutospores—Mycelium perennial, causing fusiform swellings on 
the branches. Spore-masses ligulate, compressed, sometimes 
bifid, at first firm and cartilaginous, becoming gelatinous, pale 
orange, about 10 mm. long. Spores fusiform, constricted, 
dark yellow, 7o-120 X 14—-20p. 
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Synonyms, 

Winter, Joe. cit., p. 233. 

Tremella clavariaformis. Jacq., “ Collect.,” vol ii. p. 174. 

Podisoma junipert, Fries. Berk., ‘‘ Eng. Flor.,” vol. v. p. 362. 
Bull, t. 427, fig. x. Cooke, “Hdbk.,” p. 510; “ Micro. Fungi,” 
4th edit., p. 214. Johnst., “Flor. Berw.,” vol. ii. p. 146. Grev., 
“ Flor. Edin.,” p. 427. 

Ecidium laceratum, Sow. Berk., “Eng. Flor.,” vol. v. p. 373. 
Sow., t. 318. Grev., “Flor. Edin.,” p. 447. Johnst., “Flor. 
Berw.,” vol. ii. p. 107. 

eestelia lacerata, Tul. Cooke, “ Hdbk.,” p. 534; “ Micro. 
Fungi,” 4th edit., p. TOP) t. i. figs, 22-26. Grev., t. 209. 


LExsiccati. 


Cooke, i. 2, 125; ii 442, 640; “L. F.,” 50. Berk., 106, 111. 
Vize, “ Micro. Fungi,” 129; “Micro. Fungi Brit.” 38, 69. 


Aicidiospores on Crategus oxyacantha, Pyrus communis, June 
to August. 


Teleutospores on Juniperus communis, April to May. 


BIOLoGY.—The teleutospores germinate within twenty-four hours 
after being placed in water, and the promycelial spores, when applied 
to Crataegus, give rise in ten or twelve days to the eecidiospores. This 
culture is very easy to make. I have done it sixteen times, and had 
no failure. A certain number of failures have followed my cultures 
of the promycelial spores on Pyrus communis, but still I have suc- 
ceeded often enough to prove the metcecism. The pseudoperidia on 
pear are similar to those on thorn, and can be distinguished at a glance 
from R. cancellata, RAthay states that ecidiospores occur also on P. 
torminalis and Crategus monogyna in addition to the above-named 
plants (‘‘ Untersuch. iiber die Spermogonien der Rostpilze,” pp. 20, 
22. Wien: 1882). 

The converse culture of the zecidiospores on juniper I made in 1884. 
On June 25, a small juniper was infected with the ecidiospores ; on 
July 8, many of the leaves began to turn yellow, these during the 
summer and autumn fell off, leaving bare places on the branches, and 
giving the bush a very peculiar appearance ; in December, 1885, these 
bare places began to swell; and on April 1, 1886, the teleutospore-masses 
were produced. Thus it will be seen that the ecidiospores require 
two years in which to perfect the development of perennial teleuto- 
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spore mycelium, while the teleutospores only require two or three 
weeks in which to perfect the mycelium bearing the ecidiospores. 

The germ-tubes of the aécidiospores will not enter old leaves, but 
only those produced the same year the experiment is made; or, if 
they do enter the former, the mycelium will not penetrate into the 
perennial tissues of the host-plant. Hence it is useless attempting to 
infect a bush which has recently been transplanted ; but there is no 
difficulty with an established plant, which has thrown out a number of 
young leaves. Once established in the juniper, the mycelium lives in 
a vigorous condition, annually producing teleutospores for many years. 


Gymnosporangium juniperinum. (Linn.) 

:cidiospores—Pseudoperidia on orange or red, roundish spots, 
cylindrical, curved, yellowish brown, 8-10 mm. long, open 
above, fimbriate. Spores subglobose, brown, finely verrucose, 
21-28 X I19-24p. : 

Teleutospores—Mycelium perennial. Spore-masses at first dark 
brown, then orange, soft, gelatinous, subglobose. Spores of 
two kinds: (1) fusiform, brown, with thick epispore, 75 X 27h; 
(2) yellow, with thinner epispore, about 66X17p, having 
six germ-pores. 

Synonyms. 
Winter, Joc. cét., p. 234. 
Tremella juniperina. WLinn., “Sp. Plant.,” p. 1625. 
Gymnosporangium junipert, Link. Berk., “Eng. Flor.,” vol. v. 

p. 361; “Out,” t. ii fig. 2. Cooke, “ Hdbk.,” p. 509; “ Micro. 

Fungi,” 4th edit., p. 214. 
cidium cornutum, Pers. Berk., “ Eng. Flor.,” vol. v. p. 373. 

Johnst., “ Flor. Berw.,” vol. ii. p. 207. Sow., t. 319. Grev., t. 180; 

“Flor. Edin.,” p. 447. 

Restelia cornuta, Tul. Cooke, “ Hdbk.,” p. 534; “ Micro. 

Fungi,” 4th edit., p. 190, t. ii. figs. 18, 19. 


LExsicatt. 
Cooke i, 1; ii, 441. Vize, “Micro, Fungi Brit.,” 54. 


fEcidiospores on Pyrus aucuparia, July to October. 
Teleutospores on Juniperus communis, May to June. 


BioLocy.—The teleutospores do not generally appear until May. 
They readily produce promycelial spores in water, which, when applied 
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to the foliage of the mountain ash, give rise to the spermogonia in 
from eight to fifteen days. 

I have failed only twice in thirteen cultures, and I had to experi- 
ment with material sent from Scotland. Rdthay states (“Spermo- 
gonien der Rostpilze,” 1882, pp. 20-22) that the aecidiospores of this 
species also occur on Pyrus aria, malus, and Amelanchier vulgaris. I 
have applied the promycelial spores to quince (P. vdgaris) in three 
experiments, to apple (P. madus) and to beam (P. aria) in one, but 
without success. 

In the spring of 1884, a patch of spermogonia appeared on a 
mountain-ash, which had borne the zcidiospores in 1883; this is the 
only instance in which I have seen the mycelium of the zcidiospores 
survive the winter. Probably this arose from a bud being infected 
late the previous year. From the fact of my being unable to produce 
the zcidiospores on the host-plants with which Rdthay succeeded, 
viz. Pyrus malus and aria, it is clear that in Europe we have a second 
species of Gymnosporangium on Juniperus communis, namely G. tre- 
mellotdes, Hartig. (Lehrb. d. Baumk, p. 55). 


MELAMPSORA. Castagne. 


Teleutospores unicellular or rarely multicellular from transverse 
or longitudinal cleavage, in compact flat sori or crusts. Germina- 
tion by a promycelium, as in Puccinia. Uredospores single, formed 
on sterigmata. 


The Czeomata are considered by many botanists the zecidiospores 
of this genus. The promycelial spores, when applied to the teleuto- 
spore host-plant, do not give rise to the uredospores. 


I. MELAMPSORA. 
Teleutospores formed outside the epidermal cells of the host-plant, and re- 
maining single. 
Melampsora helioscopie. (Pers.) 

Uredospores—Sori small, roundish, or irregular, soon pulverulent. 
Spores elliptical or ovate, finely echinulate, orange-yellow, 
14-23 X 10-174. Paraphyses abundant, between the spores, 
capitate, hyaline, 15-18, broad. 

Teleutospores—At first deep orange, then blackish brown, rounded, 
on the stems elongate, scattered. Spores cuneiform, cylindrical, 
or prismatic, in section polygonal, dark brown, simple, inter- 
cellular, 30-35 X 12-18p. 
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Synonyms. 


Winter in Rabh., “ Krypt. Flor.,” vol. i. p. 240. 

Uredo helioscopie. Pers., “ Disp. Meth.,” p. 13. Grev., “ Flor. 
Edin.,” p. 440. 

Uredo euphorbia, Reb. Berk., “Eng. Flor.,” vol. v. p. 385. 
Purton, “ Mid]. Flor.,” vol. iii. p. 397. 

Lecythea euphorbia, Lév. Cooke, “ Micro. Fungi,” 4th edit., 
p. 221. 

Melampsora euphorbia, Cast.. Cooke, “‘Hdbk.,” p. 523; 
“ Micro. Fungi,” 4th edit., p. 2109, t. ix. figs. 193, 194. 


LExsiccati. 
Berk., 240. ‘Cooke, i. 65, 439. Vize, “‘ Fungi Brit.,” 50, 141. 


On Luphorbia helioscopia, peplus, exigua. 
May to October. 


Melampsora lini. (Pers.) 


Uredospores—Sori scattered, small, roundish, soon pulverulent, 
orange. Spores round or ovate, echinulate, orange-yellow, 
15-25 X 13-16m. Paraphyses markedly capitate, and espe- 
cially abundant towards the margins of the sori. 

Teleutospores—Sori rounded, reddish brown, then black, shining. 
Spores formed under the cuticle, cylindrico-prismatic, inter- 
cellular, in section polygonal, 45 X 20p. 


Synonyms. 
Winter, Zoc. cit., p. 242. 
Uredo miniata, var. Lint. Pers., “Syn.,” p. 216, 
Uredo lint, D.C. Berk., ‘Eng. Flor.,” vol. v. p. 384; “ Outl.,” 
p- 334 Grev., t. 31. 
Lecythea lint, Berk. Cooke, “ Hdbk.,” p. 532; “ Micro. Fungi,” 
4th edit., p. 222, t. viii. figs. 165-167. 


Exsiccatt, 
- Berk., 118. Cooke, i. 446; ii. 70. Vize, “ Fungi Brit.,” 66. 


On Linum catharticum. 
June to September. 
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Melampsora farinosa. (Pers.) 


Uredospores—Hypophyllous, roundish, scattered or clustered, often 
disposed in a circular manner, soon pulverulent, orange. 
Spores more or less globose, epispore echinulate, hyaline, con- 
tents golden-orange, germ-pores two, opposite each other, 
17-22 X 13-15. Paraphyses very numerous, clavate, straight 
or slightly curved below, swollen and obtuse above, hyaline, 
40-60 X 15-174, smooth. 

Teleutospores—Epiphyllous, without spots, always covered by the 
epidermis, in clusters, often confluent and forming thick crusts, 
flat, firm, at first orange, then brown, at length blackish. Spores 
cylindrical, rather narrower below, smooth, pale brownish, 
40-45 X I6-17p. 

Synonyms. 

Schrot., “ Krypt. Flor. Schl.,” vol. iv. p. 360. 

Credo farinosa, Pers. “Syn,” p. 217. Purton, “ Midl. Flor.,” 
vol. iii. p. 298. Johnst., “ Flor. Berw.,” vol. ii, p. 200. Grev., 
“ Flor, Edin.,” p. 437. 

Uredo caprearum. Berk., “‘ Eng. Flor.,” vol. v. p. 385. 

Lecythea caprearum, Berk. Cooke, “ Micro. Fungi,” 4th edit., 
p- 222. 

Oredo saliceti, Lév. Cooke, “ Micro. Fungi,” 4th edit., p. 221. 

Melampsora salicina, Lév. Cooke, “ Hdbk.,” p. 522; ‘“ Micro. 
Fungi,” 4th edit., p. 219, t. ix. figs. 191, 192. 

Melampsora salicis caprea, Pers. Winter, loc. cit., p. 239. 


Exsiccatt. 


Cooke, i 55, 85; ii 69, 155; “L. F.,” 49. Vize, ‘ Micro. 
Fungi,” 51; “ Micro. Fungi Brit.,” 67, 232. 


On Salix caprea, aurita, cinerea, reticulata. 
June to November. The teleutospores germinate in March 


and April. 


BioLoGy.—Rostrup and Nielsen state that the ecidiospores of 
this species are Ceoma euonymi. In 1884, I applied the germinating 
teleutospores from Sa/¢x capreato a small plant of Euonymus europaeus 
on three separate occasions (March 17, April 6, and May 14), but no 
result followed. In 1885, I repeated the experiment with the same 
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want of success. Lest there should have been any error in the deter- 
mination of the teleutospores, I tried them upon a plant of Rides rubrum, 
but with no result, the above-named botanists having stated that an 


allied Melampsora (Af. hartigt?) had for its acidiospores, Ceoma 
ribesit. 


Melampsora epitea. (Kze. and Schm.) 


Uredospores—Sori hypophyllous, rarely epiphyllous, generally very 
minute, but sometimes larger, at length pulverulent, orange. 
Spores globose, rarely subelliptical, echinulate, pale yellow, zou 
in diameter. Paraphyses very numerous, clavate, almost glo- 
bose, hyaline, base acute, smooth, 40 x 22y. 

Teleutospores—Hypophyllous, very small, at first brown, then almost 
black, subverruczeform, hemispherical, crowded. Spores cylin- 
drical, pale brown, 30-34 X 12-14. Epispore smooth, 2u 
thick. 

Synonyms. 
Melampsora epitea. Thiim., “ Monograph. der Weidenrust.,” 

p. 17. ~ 
Uredo epitea. Kaze. and Schm., “Mycol. Heft.,” i. p. 68. 
cidium salicis, Sow., t. 398, fig. 1. 

Lectythea epitea, Lév. Cooke, “ Micro, Fungi,” 4th edit., p. 221. 


On Salix viminalis. 
July to November. 


BioLocy.—Rostrup and Nielsen, according to Schroter (“ Krypt. 
Flor. Schl.,” vol. iil. p. 361), refer Coma ribesdd to this species ; but, as 
I understand the Danish botanists, they refer C. rébesid to M. hartigi#, 
which is not a British species. 


Melampsora mixta. (Schlecht.) 


Uredospores—Sori on the leaves, hypophyllous, orange, crowded, 
at length pulverulent, on the young branches large, erumpent, 
and confluent, also on the inflorescence. Spores elliptical or 
ovate, orange, echinulate, 14-18 X 12-15. Paraphyses very 
abundant, as much as 50m long, upper end swollen, capitate, 
15-28 wide, hyaline. 

Teleutospores—In small blackish crusts, hypophyllous, 
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Synonyms. 
Thiim., ‘‘ Monograph.,” p. 20. 
Caoma mixtum. Schliecht., “ Flor. Berol.,” vol. ii. p. 124. 
Lecythea mixta, Lév. Berk., Ann. Nat. Hist., No. 478. Cooke, 
“ Hdbk.,” p. 531; “ Micro. Fungi,” 4th edit., p. 221. 


Exsiccati. 
Berk., 120. 


On Salix purpurea, 
May to November. 


Melampsora vitellinz, (D. C.) 


Credospores—Sori small, round, soon pulverulent, golden-yellow, 
amphigenous. Spores elliptical or ovate, echinulate, orange, 
25-28% 15-204. Paraphyses fairly abundant, hyaline, smooth, 
globose, with a short attenuated base, 30-36 X 30m (Thiim.). 

Teleutospores—Hypophyllous in small crusts (Schrot.). 


Synonyms. 

Thiim., “Monograph,” p. 21. Schrot., Zoa ct, p. 361. 

Uredo vitelline. D. C., “Flore frang.,” vol. ii, p. 231. Grev., 
“Flor. Edin.,” p. 437. Purton, “ Midl. Flor.,” vol. iii. p. 298. 
Johnst., “Flor. Berw.,” vol. ii. p. 200. 

Uredo saliceti, Schlecht. Berk., “ Eng. Flor.,” vol. v. p. 385. 

Lecythea saliceti, Lév. Berk., ‘Outl.,” p. 334. Cooke, “ Hdbk.,” 
Pp. 532; “Micro. Fungi,” 4th edit., p. 221. 


LExsiccate. 
Cooke, i. 316; ii. 63. 


On Salix pentandra, fragilis, triandra viminalis, vitellina. 


Melampsora tremule. Tul. 


Uredospores—Sori small, generally hypophyllous, orange-yellow, 
on the twigs larger, erumpent, pulverulent. Spores subglobose 
or ovate, echinulate, orange, 15-20 X 14-16, Paraphyses 
numerous, clavate, 40-50 X I0-I15p. 

Zeleutospores—Sori hypophyllous, abundant, reddish brown, then 
black. Spores elongated, compressed, slightly attenuated 
downwards, 45-50 X I0-I2p, 
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Synonym. 
Melampsora tremula, Tul. Ann. Sc. Nat., 2nd series, p. 95. 
Cooke, “Hdbk.,” p. 522; “Micro. Fungi,” 4th edit. p. 219. 
Schrot., doc. cit, p. 362. 


Exxstccatt. 
Cooke, i. 85; it 154; “L. F,” 48. Vize, “Micro. Fungi 
Brit.,” 44. 


On Populus tremula, 
June to November. 


BIOLoGy.—Rostrup states that the scidiospores of this species 
are Caoma mercurialis and C. pinitorguum. The last-named species 
is not British. I have applied the germinating teleutospores from 
P. tremula to Mercurialis perennis in 1883 and 1884, but could 
obtain no result (Exp. 277-350). Although C. pindtorguum is not a 
British species, yet I applied the germinating teleutospores of this 
Melampsora to Pinus sylvestris (Exp. 351), but with no result. I 
have also tried the germinating teleutospores on Orchis maculata and 
latifolia, but with no result (Exp. 650-652, 654, 655). 

‘Hartig (“ Allgem. Forst-und Jagdztg.,” 1885, pp. 325-327) states that 
the eecidiospores of WZ. tremul@e are Ceoma laricis, and that by apply- 
ing the spores of C. Jaricés to the leaves of Populus tremula he 
produced the Melampsora, and adds that C. daricis and C. pinitorquum 
may either be two distinct species, or the same species modified by 
the difference of the host-plant. I have repeated Hartig’s experiments 
on three occasions (Exp. 710, 768, 769), by placing the germinating 
teleutospores of J. ¢vemul@ on young larch-trees, but without result. 
Professor Trail, however, finds these two species growing in company 
near Aberdeen. 

Probably more than one species of Melampsora occur on Populus 
tremula. 


Melampsora xcidioides. (D. C.) 


Uredospores—Sori small, roundish, surrounded by a white wreath 
of large crowded paraphyses. Spores spherical, elliptical, or 
ovate, 17-24 X 15-17. Spore-walls colourless, echinulate, 
contents orange-red. Paraphyses clavate, 40-60 X 15-20. 

Teleutospores—Forming small brown crusts. Spores cylindrical, 
brown, cohering laterally, apex truncate, 50 & Tom. 

R 


242 British Uredinee and Ustilaginee. 


Synonyms. 
Schrot., loc. cit., p. 362. 
Uredo acidioides. TD. C., “Flore frang.,” vol. ii. p. 236. 
Caoma egirinum. Schlecht. “ Flor. Berol.,” vol. il. p. 124. 


On Populus alba. 


BIoLOGy.—The ecidiospores of this species are Ca@oma mer- 
curialis. After performing many cultures with the Melampsore, I 
at last placed the germinating teleutospores of this species, obtained 
from Dinmore Hill, Herefordshire, in October, 1887, on a plant of 
M. perennis (Exp. 711); the spermogonia appeared in about ten days. 
A duplicate culture on Clematis vitaloa was without effect. 


Melampsora populina. (Jacq) 
Uredospores—Sori hypogenous, roundish, at first covered by the 
epidermis, orange. Spores elongate, elliptical, or ovate, echinu- 
late, orange-yellow, 28-40 X 15-204. Paraphyses more or 
less abundant, capitate or ovate, 45-55 X 20pm. 
Teleutospores—Sori hypophyllous, flat, generally crowded, often 
confluent, forming reddish brown, then blackish crusts. 
Spores cylindrico-prismatic, in section polygonal, pale brown, 
larger above, 40-50 X 10-15, 


Synonyms. 


Lycoperdon populina. Jacq., “ Collect.,” Sup., t. ix. figs. 2, 3. 

Uredo cylindrica, Strauss. Berk., “‘ Eng. Flor.,” vol. v. p. 385, 
in part. 

Lecythea populina, Lév. Cooke, “ Micro. Fungi,” 4th edit., 
p. 221. 

Melampsora populina, Lév. Cooke, “ Hdbk.,” p. 523 ; “ Micro. 
Fungi,” 4th edit., p. 219, t. ix. figs. 195, 196. Schrot., oc. cit., 
p- 362. 

Uredo populina, Grev., “ Flor. Edin.,” p. 442. Johnst., “ Flor. 
Berw.,” vol. ii, p. 200. Purton, “Midl. Flor.,” vol. iii t. 27, 
No. 1542. 


LEexstecatt, 


Cooke, i, 83; ii. 61, 135; “L. F.,” 47. Vize, “Fungi Brit.,” 
135, 231; ‘‘ Micro, Fungi Brit,” 326, 443. 


an 
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On Populus nigra, balsamtfera, ttalica, 
June to November. 


BIOLOGY.—Rathay states that the zcidiospores of this species are 
4c, clematidis. 1 have applied the germinating teleutospores from 
P. pyramidalis in four cultures to Clematis vitalba, but could obtain 
no result. Schréter thinks that Ceoma alliorum, in part at least, 
belongs to this Melampsora; I have tested this statement by culture 
on Allium ursinum, but without result. 


Melampsora hypericorum. (D. C.) 


Credospores—Sori orange, small, pulverulent, scattered, mostly 
hypophyllous. Spores globose or elliptical, finely echinulate, 
orange-yellow, 14-21 X 12-17. Paraphyses absent. 

Teleutospores—Dark brown, small, flat. Spores subcylindrical, 
section polygonal, brown, 25 X 15p. 


Synonym. 
Winter, Zoe. cit, p. 241. Schrot., loc. cit., p. 363. 
Uredo hypericorum. D. C., “Flore frang.,” vol. vi. p. 81. 
Berk., “Eng. Flor.,” vol. v. p. 380. Cooke, “ Hdbk.,” p. 526; 
“ Micro, Fungi,” 4th edit., p. 215, t. vill. figs. 174, 175. 


LExsiccats. 
Baxt., 42. Cooke, i. 118; ii. 321. Vize, “ Fungi Brit,” 56; 
“ Micro. Fungi Brit.,” 127. 


On Hypericum perforatum, androsemum, pulchrum. 


Melampsora betulina. (Pers.) 


Uredospores—Sori pale orange, small, roundish, numerous, flat. 
Pseudoperidia persistent. Spores ovate or oblong, finely 
echinulate, orange-yellow, 25-40 X 10-204, Without para- 
physes. 

Teleutospores—Sori at first yellow, then brown, at length black, 
generally hypophyllous, flat, roundish. Spores cylindrical, 
section polygonal, pale yellow-brown, 50 X 16m. 


Synonyms. 
Winter, loc. cét., p. 238. 


Oreo populina, var. betulina. Pers, “‘Syn.,” p. 219. 
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Uredo cylindrica, Strauss. Berk., “Eng. Flor.,” vol. v. p. 385, 
in part. 

Uredo ovata, Grev., ‘Flor. Edin.,” p. 442. Johnst., “ Flor. 
Berw.,” vol. ii. p. 198. 

Lecythea betulina, Lév. 

Melampsora betulina, Desm. Cooke, “ Hdbk.,” p. 522; 
“Micro, Fungi,” 4th edit., p. 219, t. ix. figs. 189, 190. 


LExstcate. 


Cooke, i. 124; ii. 62. Vize, “ Micro. Fungi,” 140; “ Micro. 
Fungi Brit.,” 230, 


On Betula alba. 
May to November, 


BIOLOGY.—-In the presence of so many assertions that the zcidio- 
spores of the Melampsorz are to be found amongst the Czomata, and 
from the fact that the only station in which I find C. orchzdi's is under 
a birch-tree that is annually affected with WZ. deluding, I have tried 
several cultures by placing the germinating teleutospores on Orchis 
maculata and latifolia (Exp. 256, 284, 343, 672, 674, 675), but always 
without success. As a plant of Lomzcera periclymenum grows not 
very far off, I tried the germinating teleutospores on Lonicera (Exp. 
113, 1134, 114, 136), but with no result. I have also applied the germi- 
nating teleutospores to young healthy birch plants, but of course with- 
out result.* 


II. PUCCINIASTRUM. Otth. 


Teleutospores formed outside the epidermal cells, becoming longitudinally 
or obliquely divided into from two to four cells, 


Melampsora pustulata. (Pers.) 


Uredospores—Sori orange, pustular, often widely confluent, small. 
Pseudoperidia hemispherical, spores subglobose or ovate, 
echinulate, orange-yellow, 14-20 X 10-15 p. 


* Since Rostrup pointed out, in 1883, the connection between the Melamp- 
sore and the Czomata, I have made upwards of forty experimental cultures 
with these species. The results which I have obtained differ so materially 
from those of other botanists, that it is evident several species of Melampsora 
are at present confounded with one another. The satisfactory recognition of 
these can only be accomplished by careful biological research, 
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Teleutospores—Sori at first reddish brown, then blackish, at length 
confluent. Spores intercellular, subcylindrical, cells rarely 
one, generally three or four, superimposed or lateral, 25-304 
long. 

Synonym.| 
Schrot., doc. cit., p. 364. Winter, loc. cét., p. 243. 
Oredo pustulata. Pers., “Syn.,” p. 219. Berk., ‘Eng. Flor.,” 
vol. v. p. 381. Grev., “Flor. Edin.,” p. 440. Cooke, “‘ Hdbk.,” 
p. 526; ‘Micro. Fungi,” 4th edit., p. 215. 


Lixsiccatt, 
Cooke, i. 210; ii. 322; “L. F.,” 29. 


On LEpilobium palustre, augustifolium.| 


Melampsora circeze. (Schum.) 


Uredospares—Sori brownish yellow, pustular, small, scattered. 
Pseudoperidia hemispherical. Spores round or ovate, pale 
yellow, echinulate, 15-20 X 10-14. 

Teleutospores—Sori pustular, then forming brownish, waxy crusts. 
Spores 1-4 cellular, cylindrico-prismatic, brown, intercellular, 
component cells lateral, prismatic cuneiform, 25-30 X 24-28. 


Synonyms. 


Winter, Joc. ct., p. 243. Schrot., Joc. cit, p. 364. 

Uredo circee. Schum., “ Enum. Plant. Sell.,” vol. ii. p. 228, 
Cooke, “ Micro. Fungi,” 4th edit., p. 217, t. vii. figs. 135, 136. 

Puccinia circee, Pers. Cooke, “ Hdbk.,” p. 507, in part. 


LExsiccats. 
Berk., 342. Cooke, i. 62; ii 74; “L. F.,” 31. 


On Circaa lutetiana, intermedia, 


III. THECOPSORA. Magnus. 


Teleutospores formed in the epidermal cells, becoming confluent into 
irregular but circumscribed masses. Uredospores in pustular heaps, 
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Melampsora padi. (Kze. and Schm.) 


Uredospores—Sori hypophyllous, small, pustular, whitish. Pseudo- 
peridia on violet or brownish polygonal spots, hemispherical, 
persistent, opening with an apical perforation. Spores elongate 
or subglobose, often angular from mutual pressure, echinulate, 
white or yellowish, 15-20 X Io-I5y. 

Teleutospores—Sori epiphyllous, small, round, or angular, often 
forming black-brown crusts. Spores divided longitudinally, 
into cylindrico-prismatic cells, from two to four in number, 
intracellular, brown, 18-23 long. 


Synonyms. 
Credo padi. Kze. and Schm., Exs., 187. Cooke, “ Hdbk.,” 
Pp. 527. 
Uredo porphyrogentta, Kze. Cooke, “Mico. Fungi,” 4th 
. edit., p. 216. 
Melampsora padi. Cooke, “ Hdbk.,” p. 523. 


LExsiccate, 
Cooke, i. 536. Vize, “ Fungi Brit.,” 146. 


On Prunus padus. 
July to November. 


Melampsora vacciniorum. (Link.) 


Uredospores—Sori yellow, small, pustular, scattered or crowded. 
Pseudoperidia hemispherical, perforate above. Spores sub- 
globose or ovate, fine, echinulate, orange-yellow, 18-24 x 
12-18. 

Teleutospores—Sori forming very small, pale brown, irregular 
crusts, hypophyllous, on the fallen leaves. Spores formed in 
the epidermal cells (intracellular), which they generally fill, 
septate longitudinally, brown, 14-18p. 


Synonym. 
Schrot., loc, cit., p. 365. Winter, loc. cit, p. 244. 
Uredo vacciniorum. Link., “Sp. Plant.,” vol. ii. p. 15. Berk, 
“Eng. Flor.,” vol. v. p. 378. Cooke, “ Hdbk.,” p. 527; ‘Micro. 
Fungi,” 4th edit, p. 216. Johnst., “ Flor. Berw.,” vol. ii, p. 199. 
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E-xsiccatt 
Cooke,i. 119. Vize, “Fungi Brit.,” 59; “Micro. Fungi Brit.” 226. 


On Vaccinium myrtillus. 
June to November. 


Melampsora ‘pyrole. (Gmelin.) 
Uredospores—Sori small, round, globose, yellow, solitary or aggre- 
gate on yellowish or brownish spots. Pseudoperidium at 
length perforate above. Spores elliptical or subpyriform, 
echinulate, orange-yellow, 26-33 X 13-15p. 


Synonyms, 
Schrot., Zoe. cit., p. 366. 
Ecidium pyrole. Gmelin., “ Linné Syst. Nat.,” vol. ii. p. 1473. 
Urelo pyrole. Grev., ‘‘ Flor. Edin.,” p. 440. Berk., “ Eng. 
Flor.,” vol. v. p. 378. Johnst., “ Flor. Berw.,” vol. ii. p. 199. 
Trichobasis pyrole. Berk., “ Outl.,” p. 332. Cooke, * Hdbk.,” 
p- 529; “Micro. Fungi,” 4th edit., p. 223. 


Exsicats. 
Cooke, 1. 438. 


On Pyrola rotundifolia and minor. 
August to October. 


B1OLOGY.—Only the uredospores have at present been observed, 
but from their general appearance this fungus can hardly be other 
than a Melampsora (Schroter). 


IV. MELAMPSORELLA. Schrot. 


Teleutospores undivided, formed inside the epidermal cells (intracellular), 
hyaline, confluent in wide-spreading masses. Promycelial spores hyaline. 
Uredospores echinulate, enclosed in a pseudoperidium. 


Melampsora cerastii. (Pers.) 
Uredospores—Sori pustulate, scattered, small, round. Pseudoperi- 
dium hemispherical, persistent, apically perforate. Spores sub- 
globose, ovate or clavate, echinulate, yellow, 20-25 x 14-204. 
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Teleutospores—Sori vernal on last year’s living leaves, whitish or 
pinkish, often covering the whole leaf-surface. Spores spherical 
or shortly prismatic, in section polygonal, membrane thick, 
smooth, colourless, contents very pale reddish, simple, inter- 
cellular, 13-15 in diameter. Promycelial spores globose, 
8-r1o0p, colourless. 

Synonyms, 


Schrot., oc. cit., p. 366. Winter, loc. cit, p. 242. 

Uredo pustulata, var. cerastit. Pers., “ Syn.,” p. 219. 

Uredo caryophyllacearum, Johnst., “Flor. Berw.,” vol. ii. p. 
199. Berk., “Eng. Flor.,” vol. v. p. 381. Cooke, “ Hdbk.,” p. 
526; “ Micro. Fungi,” 4th edit., p. 216. 


Lixstecatt, 
Cooke, i. 6; ii. 75; “L.F.,” 30. Vize, “ Fungi Brit.” 145. 


On Cerastium arvense, Stellaria graminea, 


BIOLOGY.—We are indebted to Schroter for the life-history of this 
fungus. The uredospores first make their appearance in June, and 
are found throughout the summer until October. The teleutospores 
are found in the following year in May and June, in colourless or pale 
flesh-coloured sori on those living leaves which have survived the . 
winter. 


COLEOSPORIUM. Lév. 


Teleutospores composed of several superimposed cells enclosed 
in a thick transparent membrane, confluent in flat waxy masses. 
Each cell germinates by a single unseptate promycelial tube, 
which produces at its end a single promycelial spore, Uredo- 
spores formed in basipetal chains. 


I, EUCOLEOSPORIUM. Winter. 


Hetercecious, having spermogonia, zecidiospores, uredospores, and teleuto- 
spores, 


Coleosporium senecionis. (Pers.) 
Atcidiospores—Of two kinds. (1) On the fir needles, scattered or 


in small groups. Pseudoperidia cylindrical or laterally com- 
pressed, mouth torn irregularly, 2-2°5 mm. high. (2) On the 
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young branches, producing fusiform swellings from the perennial 
mycelium. Pseudoperidia larger, crowded, whitish, saccate, 
mouth patent, widely torn, 5-6 mm. broad, 2°5-3 mm. high. 
Spores orange, spherical or ovate or angular, coarsely and 
thickly verrucose, 30-40 X 18-30p. 

Uredospores—Sori orange, small, scattered, soon pulverulent 
Spores in short chains, elliptical, ovate, or almost cylindrical, 
epispore densely verrucose, 20-30 X 1525p. 

Teleutospores—Sori at first orange, then forming red crusts. Spores 
cylindrical or clavate, consisting of about four superimposed 
cells, dark orange-red, go-110 X 17~-30p. 


Synonyms. 


Winter, Joc. cit, p. 248. Schrot., loc. a4., p. 367. 

Uredo farinosa, var. senecionis, Pers., “ Syn.,” p. 218. 

Aicidium pint, Pers. Berk., “Eng. Flor.,” vol. v. p. 374 
Grev., t. 7; “ Flor. Edin.,” p. 444. 

Peridermium pini, Chev. Cooke, “ Hdbk.,” p. 535; “Micro. 
Fungi,”. 4th edit., p. 191, t. ii. figs. 27, 28. 

Leridermium acicolum, Link. Cooke, “Micro. Fungi,” 4th 
edit., p. 191. 

Puccinia glomerata (uredospores). Cooke, ‘‘ Hdbk.,” p. 500. 

Credo senecionis, Schlecht. Berk., ‘‘ Eng. Flor.,” vol. v. p. 379. 
Grev., “Flor. Edin.,” p. 438. Johnst., “Flor. Berw.,” vol. i. 
p- 198. 

Trichobasis senectonis. Berk., “ Outl.,” p. 322. Cooke, “ Micro. 
Fungi,” 4th edit., t. vii. figs. 145, 146. 

Coleosporium senecionis, Fries. Cooke, “‘ Micro. Fungi,” 4th 
edit., p. 218, t. vii. figs, 145, 146. 

Lixsiccati. 

Cooke, i. 66; ii. 53. Vize, “ Micro. Fungi Brit.,” 20. 

4Ecidiospores on the leaves and on the young branches of 
Pinus sylvestris, austriaca, May and June. ; 


Uredospores and teleutospores on Senecio vulgaris, viscosus, 
sylvaticus, and jacobea, all the year, 


BIOoLoGy.—The connection between Coleosportum senecionis and 
Peridermium pini was first demonstrated by Wolff in 1872. He first 
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found that the sowing of the acidiospores of Zc. pini, both from the 
leaves and also from the young branches, on Senecio viscosus, sylvaticus, 
vernalis, jacobea, and vulgaris, gave rise to the uredospores of the 
Coleosporium. In 1882, I repeated Wolff’s culture on S. vulgaris with 
the zecidiospores from the leaves with success. In 1883, the Rev. Dr. 
Keith sent me from Forres a specimen of 4c. dzv7 on the bark of a 
young fir-branch, the spores from which I used for infecting two plants 
of S. vulgaris, but without success. Too much importance must not 
be attached to this failure, considering the distance from which the 
zecidiospores came. I have had, however, so many failures in in- 
fecting S. vulgaris with the zcidiospores from £c. pint, var. acicola, 
that I think there must be more than one species included under this 
name. My friend M. Max. Cornu informs me that in France he 
has succeeded in producing Cronartium asclepiadeum by sowing the 
zecidiospores of 4c. Dini, var. actcola on Vincetoxicum officinale. As 
neither the Cronartium nor its host-plant occur in Britain, we must 
conclude that the zcidiospores which M. Cornu employed belong to 
a distinct species. 


II. HEMICOLEOSPORIUM. Winter. 


Having uredospores and teleutospores, which occur on the same host- 
plant. 


Coleosporium sonchi. (Pers.) 


Uredospores—Sori rounded, soon pulverulent and scattered, 
orange. Spores in short chains, rounded, oblong, or sub- 
cylindrical, coarsely and densely verrucose, orange-yellow, 
20-35 X 15—20p. 

Teleutospores—Sori at first orange, then red, flat, often confluent, 
forming crusts. Spores cylindrical or cylindrico-clavate, 
generally four-celled, 60-70 X 15-25, sometimes as much 
as 130-140, long. 


Synonyms. 

Schrot., Joc. cét., p. 368. Winter, loc. ct, p. 247. 

Uvedo sonchi-arvensis. Pers., ‘Syn.,” p. 217. 

Uredo compransor, Schlecht. Berk., “Eng. Flor.,” vol. v. 
P. 379 

Uredo sonchi, Pers. Purton, “ Mid]. Flor.,” vol. iti, No. 1547. 
Johnst., ‘‘Flor. Berw.,” vol. i, p. 198.  Grev., “ Flor. Edin.,” 
p. 441. 
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Credo tussilaginis, Pers. Grev., “Flor. Edin.” p. 438. 
Johnst., “ Flor. Berw.,” vol. ii. p. 198. 

Uredo petasites. Grev., ‘Flor. Edin.,” p. 441.  Johnst., 
“Flor. Berw.,” vol. ii. p. 198. 

Coleosporium sonchi-arvensis, Lévy. Cooke, “ Hdbk.,” p. 521 ; 
“Micro. Fungi,” 4th edit. p. 218, t. viii. figs. 178, 179. 

Coleosporium cacaliae, D. C. Cooke, “Micro. Fungi,” 4th 
edit., p. 218, 

Coleosporium tussilaginis, Lév. Cooke, “Hdbk.,” p. 520; 
‘Micro. Fungi,” 4th edit., p. 217, t. vill. figs. 180, 181. 

Coleosporium petasitis, Lévy. Cooke, “ Hdbk.,” p. 521; 
“Micro. Fungi,” 4th edit., p. 217. 


Eixsiccatt. 
Cooke, 1. 32, 80, 81; ii. 44, 151, 152; “L. F.,” 45. Vize, 
“Fungi Brit.,” 45, 48; ‘‘ Micro. Fungi Brit.,” 49. 


On Sonchus arvensis, oleraceus, Tussilago farfara, Petasites 
officinalis, Cacalia hastata. 
May to October. 


BIoLocy.—I have followed Winter and Schroter in uniting these 
species, but further biological observations will probably show some 
of them to be distinct. 7 


Coleosporium campanule. (Pers.) 


Uredospores—Sori yellow, small, rounded, soon pulverulent and 
scattered. Spores in short chains, rounded or elongated, 
verrucose, orange-yellow, 17-25 X 13-20p. 

Teleutospores—Sori at first orange, then red, at length brownish, 
flat, confluent. Spores cylindrical or clavate, generally four- 
celled, go-100 X 18-22p. 


Synonyms. 


Winter, /oc. cét., p. 246. Schrot., Zoe cit, p. 369. 

Uredo campanule. Pers., “Syn.,” p. 217. Grev., “Flor. 
Edin.,” p. 440. Johnst., ‘ Flor. Berw.,” vol. ii. p. 200. 

Coleosporium campanule, Lévy. Cooke, “Hdbk.,” p. 5213 
“ Micro. Fungi,” 4th edit., p. 218. 

Credo crustacea. Berk., “ Eng. Flor.,” vol. v. p. 378. 
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Exsiccatt. 


Baxt., 41. Berk., 336. Cooke, i. 81; ii. 421. Vize, “ Fungi 
Brit.,” 46. 


On Campanula rotundifolia, trachelium. 
May to October. 


Coleosporium euphrasie. (Schum.) 


Uredospores-—Sori orange, irregular, soon pulverulent and scattered. 
Spores concatenate, subglobose or elongate, often irregular, 
verrucose, orange-yellow, 20-30 X 15-20, 

Teleutospores—Sori at first orange, then red. Spores orange, 
cylindrical or clavate, 80-100 X 20-25p. 


Synonyms. 

Winter, loc. cit., p. 246. Schrot., loc. cit., p. 370. 

Uredo euphrasiga, Schum., “Enum. Plant. Sell.,” vol. il 
Pp. 230. 

Uredo rhinanthacearum, D. C. Berk., “ Eng. Flor.,” vol. v. 
p. 377. Grev., “Flor. Edin.,” p. 439. Johnst., “Flor. Berw.,” 
vol, ii. p. 200. 

Coleosporium rhinanthacearum, Lévy. Cooke, ‘‘ Hdbk.,” p. 521 5 
“Micro. Fungi,” 4th edit., p. 218, t. vili. figs. 176, 177. 


Exsiccatt, 
Cooke, i. 299; ii 156. Vize, “ Fungi Brit.” 47. 


On Melampyrumarvense, Bartsia odontites, Euphrasia offici- 
nalis, Rhinanthus crista-gallt. 


CHRYSOMYXA. Unger. 


Teleutospores formed of a series of superimposed cells, of 
which the lower are sterile, forming flat or slightly elevated 
orange or reddish waxy crusts. Uredospores in linear series. 
Germination of the teleutospores by a multicellular promycelium 
from each cell, which produces from three to four, mostly four, 
promycelial spores. 
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HEMICHRYSOMYXA. Winter. 


Having only uredospores and teleutospores, which occur on the same host- 
plant. 


Chrysomyxa pyrole. (D. C.) 

Uredospores—Sori hypophyllous, scattered, generally covering the 

under surface of the leaves, roundish, pulverulent, yellow. 

Spores ovate or elliptical, often angular, coarsely verrucose, 

yellowish orange, 20-23 X 15-22p. 
Teleutospores—Sori orange, then red, flat, waxy. Spores, 110-120 

X 8-1op. 
Synonyms. 

Schrot., oc. cit, 372. Winter, loc. cit., p. 250. 

cidium pyrole. \). C., “ Flore frang.,” vol. vi. p. gg. 

Credo pyrole. Grev., “Flor, Edin.,” p. 440. Johnst., ‘“ Flor. 
Berw.,” vol. ii. p. 198. 

Trichobasis pyrole. Berk., “ Outl.,” p. 332. Cooke, “ Hdbk.,” 
p- 529; “Micro. Fungi,” 4th edit., p. 223, in part. 


Exsiccatz. 
Vize, “ Micro. Fungi Brit.,” 52 


On Pyrola rotundifolia. 


Chrysomyxa empetri. (Pers.) 
Uredospores--Sori orange, roundish or elongate, at first covered by 
the epidermis, then surrounded by it. Spores ovate, elliptical, 
or pyriform, verrucose, orange-yellow, 25-30 X 17-25. 


Synonyms. 
Schrot., Zoe. cit. p. 372. 
Uvedo empetri, Pers. Moug. and Nest., Exs., No. 391. Cooke, 
Seem. Jour. Bot., vol. iv. p. 99; “ Hdbk.,” p. 5273 ‘ Micro. Fungi,” 
4th edit., p. 216. 


On Empetrum nigrum, 
May to September. 
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CRONARTIUM. Fries. 


Teleutospores unicellular, compacted into a cylindrical body, 
germinating at maturity on the living host-plant. Promycelial 
spores almost spherical, pale. Uredospores enclosed in a pseudo- 
peridium, which surrounds the base of the cylinder of teleutospores, 


Cronartium flaccidum. Alb. and Schw. 
Uredospores—Sori small. Pseudoperidia broadly conical, dark 
yellow, persistent. Spores elliptical or ovate, echinulate, 20-30 
X 13-20pm. 
Teleutospores—Sori cylindrical, often curved, about 2 mm. high. 
Spores oblong or cylindrical, brown, 10-12 across. 


Synonyms. 
Spheria flaccida, Alb. and Schw., ‘‘Consp.,” p. 31. 
Cronartium peonia, Cast. Cooke, “ Micro. Fungi,” 4th edit., 
p. 215. 
Cronartium flaccidum (Alb. and Schw.). Winter, Zoe. cit., p. 236. 
On Paonia officinalis. In gardens. North Wootton; C.B. P. 
South of England; Miss Jelly. 


APPENDIX. 


IMPERFECT FORMS, OF WHICH THE FULL Lire-HIsTory 1s 
UNKNOWN. 


UREDO. 


Spores produced singly on the terminal ends of mycelial 
hyphze (basidia). Germination by a germ-tube which does not 
produce promycelial spores, but enters the host-plant through its 
stomata. 
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Uredo agrimonia. D.C. 


Sori pustular, hypophyllous, roundish or irregular, often confluent 
and wide-spreading, covered by rather thin pseudoperidia. 
Spores subglobose or ovate, verrucose, orange, 17-23 X 
I4-I7p. 

Synonyms. 

Winter in Rabh., “ Krypt. Flor.,” p. 252. 

CUredo potentillarum, var. agrimonia. D. C., “ Flore frang.,” 
vol. vi. p. 81. 

Uredo potentillarum, D.C. Berk., ‘ Eng. Flor.,” vol. v. p. 382. 
Grev., ‘Flor. Edin.,” p. 438. Johnst., “Flor. Berw.,” vol. ii. 
p. 199. Cooke, “Hdbk.,” p. 525; “Micro. Fungi,” 4th edit., 
p. 215. 

Coleosporium ochraceum, Fckl. Cooke, “ Micro. Fungi,” 4th 
edit., p. 218. 


E-xsiccatt. 


Cooke, i. 635; ii, 149. Vize, “ Fungi Brit,” 57; “ Micro. 
Fungi Brit.,” 325. ; 


On Agrimonia eupatoria. 


Uredo symphyti. D.C. 


Sori minute, very numerous, hypophyllous, yellow. Mycelium 
perennial. Spores subglobose, ovate, finely echinulate, yellow, 
25-35 X 16-24. 

Synonyms. 
Winter, loc. cit, p. 254. 
Uredo symphytit, D.C. “ Encyc.,” vol. viii. p. 232. 
Trichobasis symphytt, Lév. Cooke, “ Hdbk.,” p. 529. Berk., 

“ Qutl,” p. 332. 

Coleosporium symphyti, Fekl. Cooke, “ Micro, Fungi,” 4th 

edit., p. 218. 


Lixsiccatt. 
Berk., 320. 


On Symphytum officinale, 
May to September. 
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Uredo polypodii. Pers. 


Sori orange-yellow, rounded or irregular, scattered, often confluent, 
covered by the epidermis. Spores of two kinds: (a) ovate or 
elliptical, echinulate above, smooth below, orange-yellow, 24-30 
X 12-154; (4) ovate or elliptico-polygonal, orange, with a 

.very thick epispore (5) quite smooth, 40-50 X 25-35p. 


Synonyus. 


Schrot., “ Krypt. Flor. Schl.,” vol. iii. p. 374. 
Credo linearis, var. polypodit, Pers., “Syn.,” p. 217, 
Uredo filicum, Desm. Berk.,‘‘ Eng. Flor.,” vol. v. p. 383. Sow., 
320. Cooke, ‘Hdbk.,” p. 526; “Micro. Fungi,” 4th edit., 
p. 215. 
Exstccatt. 
Berk., 339. Cooke, i. 633; ii. 73. Vize, “ Micro. Fungi,” 
143. 
On Polypodium dryopteris, C “ystopleris Sragilis, Adiantum 
capillus-veneris. 


Uredo scolopendri. Fckl. 


Sori hypophyllous, small, pustulate, pale yellow, on brownish 
irregular spots. Pseudoperidium hemispherical, opening by a 
small aperture above, through which the spores escape. Spores 
subglobose or clavate, echinulate, 30-40 X 15-20u. 


Synonyms. 
Schrot., doc. cit., p. 374. 
Credo scolopendri, Fckl. 
Milesia polypodit, B, White (?). “Scot. Nat.,” vol. iv. p. 162, 
t. il. fig. 5. 


On Blechnum spicant, Scolopendrium vulgare. 
June to October. 


Uredo mulleri. Schrot. 


Spermogonia epiphyllous, on circular yellow spots. Sori amphi- 
genous, roundish, golden-yellow, often circinate. Spores 
globose, echinulate, orange, 1820p in diameter. 
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Synonyms. 
Uredo miilleri. Schrot., “ Krypt. Flor. Schl.,” vol. iii. p. 375- 
Uredo acidioides. 1. Miller, Rost. der Rosa und Rubusarten, 
1886, p. 24, t. ii. fig. 12. 


On Rubus fruticosus. Haywood Forest, Hereford; C. B. P. 
Ireland ; Mr. Greenwood Pim. 
October to November. 


BIoLocy.— Miiller eee: that this may be connected with 
Chrysomyxa albida. 


Uredo quercus. Brond. 

Sori hypophyllous, yellow, then orange, orbicular, minute, scattered 
or in clusters. Spores subglobose, echinulate, orange-yellow, 
15-25 X 12-I5p. 

Synonym. 
Winter, Zoc. cif., p. 254. 
Uredo quercus, Brond. Duby, “Bot. Gall.,” vol. ii. p. 893. 

Berk., “Eng. Flor.,” vol. v. p. 383. Cooke, “‘ Hdbk.,” p. 526 ; 

“ Micro. Fungi,” 4th edit., p. 216. : 


Exsiccate. 
Berk., 239. Cooke, i. 281; ii. 76. Vize, “ Fungi Brit.,” 58 ; 
“Micro. Fungi Brit.,” 129. 


On Quercus pedunculata. 


Uredo iridis. (Thiim.) 
Sori oval, linear, sometimes confluent, amphigenous, at first 
covered, then naked, chestnut-brown. Spores profuse, mostly 
globose, rarely oval or pyriform, nucleate, with two germ-pores, 


brown, echinulate, 30-35 X 20-25p. 
Synonym. 
Uromyces tridis (Lév.). Thiim., “ Myco. Univ.,” No. 2045. 


On Jris flavissima, spuria, ensata, decora, hingii, pumila, filt- 
folia, caucasica, tberica, tolmieana. In gardens. 
June to September. 
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BIOLOGY.—This species occurs upon various species of cultivated 
iris. To Dr. M. Foster, F.R.S., I am indebted for numerous speci- 
mens. Repeated examinations at various periods of the year, both on 
the part of Dr. Foster and myself; have failed to’ show teleutospores. 
When applied to J. pseudo-acorus and fetidissima, | have almost 
always failed in obtaining any results. Thiimen’s specimen in ‘my 
copy consists only of uredospores, and is on /, favissima from Siberia. 
Rabenhorst’s Uredo tridis on I. pumila (“ Fung. Europ.,” No. 1674) 
seems to be the same plant. Dr. M. Foster says, “It came out with 
me first-on J. flavissema, then on J. tolmieana; then on &. zberica, 
and all the irises from Central Asia; also on J. spuria;: ensata ; 
finally on J. decora, kingii, pumila, filifolia, and caucasica. It does 
not readily attack the broad-leaved Mediterranean forms, such as 
I. germanica, pallida, etc. ; but I am inclined to think that almost 
every spécies would take it. I have not yet, however, seen it on 
I. fetidissima or pseudo-acorus.” 


Uredo phillyresz. Cooke. 
Sori yellow, rounded or elliptical, on’ yellowish spots, solitary or in 
clusters. Spores subglobose, ovate, finely echinulate, orange- 
yellow, 15-18 X 12-15. 


Synonym. 
Uredo phillyree. Cobdke, Exs: 


Exsiccati. 
Cooke, i. 592. Vize, “ Fungi Brit.,” 142. 


On Phillyrea medéa. 


Uredo tropxoli. Desm. 
Hypogenous spots, pale yellow. Sori minute, roundish, scattered 
or confluent. Spores ovoid or subglobose, orange. 


Synonym. 
Uredo tropeolt. Desm., Ann. Nat. Sc., 1836; vol. vi. ps 243: 


Cooke, Seem. Jour. Bot., vol. iv. p. 97; “Hdbk.,” p. 5285 
“Micro. Fungi,” 4th edit., p. 216. 
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Exstecatt. 
Desm., i. 837. 
On Zropeolum aduncum. 
October, 
This species, which can hardly be regarded as British, was 
found by Dr. Capron, in 1865, near Guildford. 


Uredo lynchii. (B. and Br.) 

Spots small, pallid, scattered, rarely confluent. Spores yellow, 
obovate, beautifully echinulate, with short pedicels, 20-30 x 
28-35 fhe 

Synonym. 
Trichobasis lynchit, B. and. Br., Ann. Nat: Hist., No. 1706. 

W..G. Smith, Gard. Chron., May 30, 1885, p. 693, fig. 154. 

On exotic Spiranthes. Kew Gardens. 
Not truly a British species.. 


Uredo: plantaginis. B. and Br. 
Spots pallid, pustular, minute, soon ruptured at the apex. Spores 
elliptical, yellow. 
Synonym. 
Uredo plantaginis. B. and Br., Ann. Nat. Hist., No. 1905. 


On Planiago lanceolata. Wood Newton, Dolgelly. 
There is some doubt as to whether this is not a Syuchytrium. 


CAOMA, 
Spores without a pseudoperidium, accompanied by spermo- 
gonia, with or without paraphyses, produced in chains. Germi- 
nation as in Uredo. 


Ceoma. saxifrage. (Strauss. ) 
Sori rounded or oval, flat, orange, amphigenous, scattered. Spores 
subglobose, finely verrucose, orange-yellow, 17-30. in- 
diameter. 
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Synonyms. 
Winter, Joc. ciz., p. 258. 
Uredo polymorpha, vay. saxifrage. Strauss in Wetter., “ Ann.,” 
vol. ii. p. 87. 
Uredo saxtfragarum, D.C. Berk., “ Eng. Flor.,” vol. v. p. 381. 
Cooke, “ Hdbk.,” p. 525; “Micro. Fungi,” qth edit., p. 215. 
Grev., “ Flor. Edin.,” p. 440. 


On Saxtfraga granulata. 
June to September. 


Czoma euonymi. (Gmelin.) 


Spermogonia flat, circinating in small clusters. Sori rounded, 
often confluent, on the leaves and young branches. Spores 
round, elliptical, or subpyriform, finely verrucose, pale yellow, 
13-25 X 25-30p. 

Synonyms. 
Winter, Zoe. cit., p. 259. , 
Atcidium euonymi. Gmelin, “Linné Syst. Nat.,” vol. i. p. 1473. 
Uredo euonymi, Mart. Cooke, “ Micro. Fungi,” 4th edit. 
p. 216, 


On Luonymus europaeus. 
August to September. 


Czeoma mercurialis. (Pers.) 


Sori flat, roundish or irregular, often circinating and confluent on 
large yellow spots, orange-yellow. Spores elliptical or sub- 
pyriform, finely verrucose, orange-yellow, 17-25 X IO-I5pm 


Synonyms. 
Winter, Zoc. cit, p. 257. 
Oredo confluens, var. mercurialis. Pers., “Syn.,” p. 214. 
Uredo confluens, D.C. Berk., “Eng. Flor.” vol. v. p. 383 
Cooke, ‘“‘Hdbk.,” p. 527; “Micro, Fungi,” 4th edit, p. 216, 
t. vii. figs. 133,134. Grev., “Flor. Edin.,” p. 438. Sow., t. 397, 
fig. 6. 
Exsitcati. 


Cooke, i. 117; ii. 426. Vize, “ Fungi Brit.,” 144. 
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On Mercurialis perennis. 
May and June. 


BioLocy.—This is stated by Rostrup and Nielsen to be the 
fEcidium of Melampsora tremule from Populus tremula and alba. 
I repeated their experiments by placing the teleutospores from P. ¢re- 
mula on Mercurialis perennis on several occasions, but was unable 
to confirm their statement. The Ceoma pinitorguum, which these 
authors also state to be connected with a form of 47. tremule, has 
not yet occurred in Britain. 

In October, 1887, however, during the annual excursions of the 
Woolhope Club, I gathered a number of leaves of Populus alba, on 
Dinmore Hill, with a Melampsora on them. In April and May, 1888, 
I infected with this Melampsora some plants of Mercurialis perennis, 
which had been growing for several years in my garden at King’s 
Lynn, and produced first the spermogonia, and then the perfect Cecoma. 


Czoma alliorum. Link. 
Spermogonia flat, yellowish, in circular groups. Sori amphigenous 
in circular or elliptical clusters. Spores subglobose or ellip- 
tical, punctate, yellow, 17-25 x 10—-20p. 


Synonyms. 
Caoma alliatum. Link (?), “Sp. Plant.,” vol. ii. p. 43. 
Uredo alliorum, D. C. Cooke, “ Micro. Fungi,” 4th edit., 
p- 217, in part. 
On Allium ursinum, oleraceum, vineale. 


B1oLoGy.—Schréter thinks this species, or at least the form of it 
that occurs on A. oleraceum, is connected with Melampsora populina 
(“ Krypt. Flor. Schl.,” vol. iii. p. 363). 


Czoma orchidis. Alb. and Schw. 

Spermogonia on yellowish spots. Sori generally irregular, flat, 
often confluent. Spores subglobose or ovate, punctate, yellow, 
15-25 X 10-204. 

Synonyms. 
Winter, Zoe. cit., p. 256. 
Uredo confluens, var. orchidis. Alb. and Schw., “ Consp.;” 

p. 122. : 
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Uredo orchidis, Mart. Cooke, ‘“Hdbk.,” p. 5273; ‘Micro. 
Fungi,” 4th edit., p. 216. 


Exstccati. 
Cooke, i. 61; ii. 323. 
On Orchis maculata, latifolia, Listera ovata. 
May and June. 


BIOLoGY.—In view of so many statements having been made that 
the Czeomata are the ecidiospores of the Melampsore, I have ‘made 
several cultures with the teleutospores of AZ. betuline on Orchis 
maculata and latifolia, but always without result (Exp. 256, 284, 343). 
I was led to-do so from finding C. orchidis under -a birch-tree affected 
with the Melampsora, but I feel sure there is no connection between 
these two fungi. 


Czxoma, laricis. (Westd.). 


Sori minute, on yellow spots, surrounded by the ruptured epi- 
dermis and a number of barren cells. Spores subglobose or 
elliptical, finely echinulate, orange-yellow, 15-25 X 12-18. 


Synonym. 
Winter, Zoc, ctt., p. 256. 
Uredo laricis. Westd., Bullet, Acad. Roy. Belgique, 2nd séx., 
tome xi., No. 34. 


On Pinus larix. 
May and June. 


B1oLoGy.—This species is not uncommon early in the year on 
larch foliage, but is very inconspicuous and easily overlooked. From 
certain reasons I was led to apply the spores to a plant of Seneczo 
jacobea, but they produced no result. The investment of barren cells 
shows its relationship to the 4Zcidia. Hartig has more recently 
asserted that this species is connected with one form of Jelampsora 
tremula, and Professor Trail has found them growing in company 
near Aberdeen (see p. 241). 


ZECIDIUM. 


Spores surrounded by a pseudoperidium ; produced in basipetal 
series. Germination as in Uredo. 
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* Mycelium localized, short-lived. 


AKcidium aquilegiz. Pers. 

Pseudoperidia crowded upon round, thickened, yellow spots on 
the leaves, or upon elongated swellings on the stems, 
cylindrical, with .white, torn, everted .edges, Spores. sub- 
globose, finely verrucose, orange, 16-30, X 14-29p. 


Synonym. 
Winter, Joc. ciz., p. 268. 
cidium aquilegiea, Pers, “Ic, Pict.,” p. 58, t. 23, fig. 4. 
- Cooke, “ Hdbk.,” p. 539. 


Lxsicati, 
Vize, “ Micro. Fungi Brit.,” 58. 


On Aguilegia vulgaris. 
May and June. 


Aicidium -grossularie. (Gmelin). 
Pseudoperidia on concave thickened -spots, which are reddish 
above and yellow below, roundish on the leaves, and some- 
times covering the whole surface of the young fruit, and even 
on the seeds, shortly cylindrical, hypophyllous, with much- 
torn, white edges. Spores subglobose or polygonal, yellow, 
finely echinulate, 15-24 X 12-18p. ji 


Synonyms. 

Winter, Zoc. cit., p. 198. 

i cidium rubellum, B grossularie, Gmelin. “‘Linné Syst. Nat.,” 
vol. li. p. 1473. 

Mculium grossularia, D. C. Grev., t. 62. Berk., “ Eng. 
Flor.,” vol. v. p. 372. Cooke, “‘Hdbk.,” p. 541; ‘‘Micro. 
Fungi,” 4th edit., p. 197. 

Lxsiccati. 


Cooke, i. 10. Vize, “Fungi Brit.” 135; ‘Micro. Fungi 
Brit.,” 328. 


On. Ribes grossularia. 
May and June. 
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BIOLOGY.—This species varies very much in frequency in different 
seasons, sometimes being very abundant; at other times scarcely a 
specimen can be found. 


Afcidium periclymeni. Schum. 

Pseudoperidia on roundish, pallid, yellow spots on the leaves, 

hypogenous, cylindrical, with white, irregularly torn edges. 

Spores subglobose or polygonal, finely verrucose, yellow, 

15-27 X 15—25m. 

Synonym. 

Acidium periclymenit, Schum., “Enum. Plant. Sell.,” vol. it. 
p. 225. Cooke, ‘“Hdbk.,” p. 539; “Micro. Fungi,” 4th edit., 
p. 196. Winter, doc. cé¢., p. 264. 


Exsiccati, 
Cooke, i. 102; ii, 96; “L. F.,” 54. Vize, “Fungi Brit.,” 78. 


On Lonicera periclymenum. 


BIoLoGy.—I have made a great number of experimental cultures 
with this species during the past five years, but hitherto entirely with- 
out success. 


AGcidium prunelle. Winter. 

Pseudoperidia on yellowish brown or violet-edged spots, generally 
arranged concentrically, cup-shaped, white, with whitish, 
rather torn and everted edges. Spores colourless, polygonal, 
finely echinulate, 16-21 in diameter. 


Synonym. 
Ecidium prunelle. Winter in Rabh. (sub. Uromyces), “ Krypt. 
Flor.,” vol. i. p. 164. 


On Prunella vulgaris. 
Forres ; Rev. Dr. Keith. 


Afcidium convallarie. Schum. 
Pseudoperidia on pale or yellowish spots, which are roundish on 
the leaves and elongate on the stems, flat, with torn white 
edges. Spores subglobose, finely verrucose, yellow, 15-30 
X 14-22p. 
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Synonym. 
cidium convallaria. Schum., “ Enum. Plant. Sell.,” vol. it 
p. 224. Winter, Joc. cit, p. 259.. 


On Convallaria majalis. Mr. Birks. 
May to July. 


Aiecidium barbarer. D. C. 

Pseudoperidia amphigenous on rubescent spots, in irregular 
clusters, large, cup-shaped, rather flat, edges whitish, torn or 
crenulate. Spores orange,. subglobose, finely verrucose, 15—- 
25m in diameter. 


Synonym. 
Ecidium barbaree. D. C., “Flore frang.,” vol. il. p. 244. 
Duby, “ Bot. Gall.,” vol. ii. p. 905. Cooke, “ Grevillea,” vol. x. 
p. 115. Winter, loc: cit, p. 267.. 


On Barbarea precox. Plymouth; Mr. Varenne. 


BioLocy.—Sometimes the pseudoperidia occupy the whole leaf- 
surface, causing considerable distortion. 


Ascidium clematidis. D. C. 


Pseudoperidia in roundish clusters on the leaves, often upon 
swellings on the pedicels and young shoots, causing consider- 
able distortion, shortly cylindrical or flat, with white torn 
edges. Spores. subglobose, minutely verrucose, yellow, 20-274. 
in diameter. 

Synonym. 
Winter, Jvc. cit., p. 270. 
Atcidium ranunculacearum, var. cematidis. D. C., “ Flore 

frang.,” vol. ii. p. 243. Cooke, “ Hdbk.,” p. 539. 


On Clematis vitalba. 
May to July. 


BIOLOGY.—Rathay states that this is connected with Melampsora 
populina, Tul. (“Uber auto. und hetercecische Uredineen,” Verhand. 
zoo. bot. Gesell., bd. xxxi. p. 13. Wein: 1881.) I have tried this culture 
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on four occasions in 1886, with MZ. populina, from P. pyramidalis, but 
always without success; and in 1888, from P. a/ba, with the same 
result. 


Aicidium sonchi. Johnst. 
‘Minute, scattered, whitish or cream-coloured, prominent. Spores 
ovate, rather large.” 
Synonym. 
Johnst., “ Flor. Berw.,” vol. ii. p..205. 


On the under surface of the leaves of Sonchus arvensis, in 
autumn. 

“The cover does not split so regularly, and is not so decidedly 
cupped, as is commen in this genus.” 


AGcidium ranunculacearum. D. C. 
Pseudoperidia hypophyllous in soundish. or elongated clusters of 
various sizes, cup-shaped, whitish, margin brittle. Spores 
polygonal, orange-yellow, 17-28 X 14-20p. 


Synonym. 
Winter, doc. cit., p. 269. ‘Grev., “ Flor. Edin.,” p. 446. D.C., 
“ Flore frang.,” vol. vi. p. 97. 


On Ranunculus dingua. Duddingston. Loch ; Dr. Greville. 


Aicidium dracontii. Schw. 
Pseudoperidia on extensive pallid: spots on the.leaves, sometimes 
almost covering them, arranged without order, elongate. 
Spores orange. 
Synonym. 
Atcidium dracontii. Schw., Trans.. Am. Phil. Sot., 1834. 
Cooke, “ Hdbk.,” p. 538; “Micro. Fungi,” 4th edit., p. 200. 


On Arum triphyllum. In gardens, Melbury, 1863 ;'M. JB. 
This can hardly be considered a British Species. 


AGcidium strobilinum. (Alb. and Schw.) 


Pseudoperidia numerous, in clusters on the inner surface of the 
scales of the fallen cones, hemispherical or polygonal from 
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mutual pressure, about 1 mm. wide, mostly opening obliquely. 
Spores irregularly rounded or sub-elliptical, yellow, 18-34 


x 16-23. 
SYNONYMS. 
Winter, Joc. cit, p. 260. 
Licea strobilina. Alb. and Schw., “ Consp.,” p. 109, t. vi. fig. 5. 
Phelonitis strobilina,,Pers. Cooke, ‘‘ Hdbk.,” p. 4a9. 
Perichana strobilina. Fries, “Syst. Myc,” vol. ili., p. 190. 
Berk., “ Eng..Flor.,” vol. v. p. 321. Grev., t. 275. 


Exsiccatt, 
Berk., 292. Cooke, i. 522. 


On the.scales of the cones of Pinus abies. 


Atcidium incarceratum. B. and Br. 


“Sori minute, crowded in irregular spots. Peridia included in the 
parenchyma of the leaf. “Pseudospores pallid.” 


Synonym. 
Aicidium incarceratum. FB, atid Br. in Rabh., “Fung. Europ.,” 
No. 1492. 


On Sagitiaria sagittifolia. 


I can detect -but little difference between this and Doassansia 
Sagittarie. 


Aicidium phillyrex. D.C. 


Pseudoperidia mostly thickly crowded, in large ‘numbers, with 
almost entire, slightly inverted edges. Spores very variously 
shapéd, roundish, oval, oblong; or pyriform, verrucose, orange- 
yellow, 18-35 X I5-20p. 


SYNONM. 
cidium phillyree. D. C., ‘Flore frang.,” vol. vi. p. 96. 
‘Cooke, ‘ Hdbk.,” p. 539. Winter, Zoe. ci, p. 263. 
Lexsiccati, 
Thiim., “Myc. Univ.,” 1717. Vize, “Micro. Fungi’ Brit.,” 
236. 
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On Phillyrea media. 


BIoLoGy.—This is a doubtful A.cidium, being little more: than a 
condition of Ceoma phillyrea, as far as I have observed it. 


A&cidium gilaucis. Dozy and Molk. 


Pseudoperidia irregularly scattered, sometimes circinating, in 
various-sized groups, shortly cylindrical or flattish, with white 
torn edges. Spores polygonal, finely granular, colourless, 
16-25 & I5-20p. 

Synonym. 
cldium glaucis. Dozy.and Molk., Zidschr. v. Natur. Ges., 
vol. xii. p. 16. Cooke, “ Grevillea,” vol. xv. p. 29. Winter, 

loc. cit., p. 262. 


On Glaux maritima. 


Aicidium poterii. Cooke.. 

Pseudoperidia hypogenous in subrotund or elongate clusters on 
the leaves, also upon the petioles, scattered or circinate, 
immersed, edges torn into minute fugacious teeth. Spores 
yellowish, oval. 


Synonym. 
Aicidium poterti. Cooke, Seem. Jour. Bot., vol. ii. p. 39, t. xiv. 
fig. 3; “ Hdbk.,” p. 540; “ Micro. Fungi.,” 4th edit, p. 198. 


On Poterium sanguisorba. 

May and June. 

Probably this is the species referred to by Mr. Berkeley in 
the “Eng. Flor.,” vol. v. p. 373, as having been found by Dr. 
Greville, 


** Mycelium perennial, diffused in the host-plant. 


Aicidium punctatum. Pers. 


Pseudoperidia uniformly scattered over the whole of the foliage, 
hypophyllous, flat, semi-immersed, with torn yellowish edges. 
Spores subglobose, pale yellowish-brown, 15-24 in diameter. 
Spermogonia scattered, blackish, punctiform. 
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Synonyms. 
Winter, loc. cit., p. 269. 
cidium punctatum, Pers. Ann. Bot., 1796, vol. xx. p. 135. 
cidium quadrifidum, YD. C., “Flor. franc.,” vol. vi. p. 190. 
Berk., “Eng. Flor.,” vol. v. p. 371. Cooke, ‘‘Hdbk.,” p. 536; 
“ Micro. Fungi,” 4th edit., p. 194. 


Exsicati. 
Berk., 227. Cooke, i. 101; ii. 310. Vize, “ Fungi Brit.,” 73. 


On Anemone ranunculoides (coronaria). 
April and May. 


BIoLoGy.—The affected leaves are thicker, and borne on longer 
stems, than the healthy ones. 


#icidium leucospermum. D. C. 
cidiospores—Spermogonia scattered equally over the whole 
surface of the leaves, and generally upon all the leaves of the 
affected plants, which are altered in habit thereby. Pseudo- 
peridia shortly cylindrical, white, with torn edges. Spores 
polygonal, colourless, smooth, 15-22 in diameter, sometimes 
26p long. Mycelium perennial. 


Synonyms. 
Acidium leucospermum, D.C. Berk., “Eng. Flor.,” vol. v. 
p- 371. Cooke, “Hdbk.,” p. 536; “Micro. Fungi,” 4th edit. 


p. 194, t. i. figs. 4-6. 
Puccinia fusca (Relh.). Winter in Rabh., “Krypt. Flor.,” 
vol. i, p. 199, in part. Schrot., “Krypt. Flor.,” vol. iii. p. 343, in 


part. 
Lycoperdon innatum. Withering, vol..iv. p. 352. 
Lxsiccati, 
Baxter, 89. Berk., 220, Cooke, i. 3; li. 77. Vize, “ Fungi 
Brit.,” 74. 
On Anemone nemorosa. 
April and May. 
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BioLocy.—Although Winter and Schréter consider this species 
to be the Accidium of Puccinda fusca, yet, in the absence of direct 
biological evidence, I venture to. differ from them. The Puccinia in 
question is very common, but the Acidium is rare in Britain. 


Acidium bunii. D C. 


cidiospores—Pseudoperidia generally on swellings on the stems, 
shortly cylindrical, with whitish, torn, everted edges. Spores 
polygonal, finely verrucose, orange-yellow, 15-20 in diameter, 
sometimes 25, long. 
Synonym. 
Atcidium bunit, D.C. “Syn,” p. 51. Berk., ‘‘ Eng. Flor.,” 
vol. v. p. 370. Cooke, “Hdbk.,” p. 540; “Micro. Fungi,” 4th 
edit., p. 196. Grev., “Flor. Edin.,” p. 44s. 


On Conopodium denudatum (Bunium flexuosum). 


BIOLOGY.—This A£cidium. is comparatively rare in Britain, and 
I have never been able to obtain any evidence that it is connected 
with the Puccinia:which occurs on the. same host-plant. 


Ascidium euphorbiz. Gmelin. 
Pseudoperidia equally scattered over the whole leaf-surface, at 
first conical, then cup-shaped, with whitish torn edges. 
Spores polygonal or subglobose, finely verrucose, orange- 
yellow, 19-26 X 30~35p. 


Synonym. 
Winter, doc. cit., p. 261. 
icidium euphorbie. Gmelin, “ Linné Syst. Nat.” vol. ii 
Pp. 1473, in part. Purton, “ Midl. Flor.,” vol. iii, No. 1537 (?). 


On Euphorbia exigua, 
Hampshire ; Mr. Hill. 


AXcidium elatinum. Alb. and Schw. 


Mycelium perennial in the affected branches, causing fusiform 
swellings, from which are given off deformed shoots (Hexen- 
besen), which bear pale green, short, swollen leaves on all 
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sides. Spermogonia immersed, conical, honey-coloured. 
Pseudoperidia white, opening irregularly. Spores elliptical 
or polygonal, coarsely verrucose, 16-30 X 15-17). 


Synonyms. 
cidium elatinum. Alb, and. Schw., “Consp.,” p. 121. 
Peridermium elatinum, Alb. and Schw. Cooke. Seem. Jour. 
Bot., vol. ii. p. 34; “ Hdbk.,” p.. 535 ;. ‘‘ Micro. Fungi,” 4th edit., 
P. 194. 


On Pinus picea. 


A&cidium, pseudo-columnare. J. Kiihn. 
Pseudoperidia in two rows on the under. side of the affected 
leaves, which are not altered in length or. breadth, but are 
paler than the healthy ones. Pseudoperidia spherical, ovate, 
or elongate, ‘5—2:mm. high, edges irregularly torn. Spores 
white, finely verrucose, ovate, elongate. elliptical, or irregular, 
often triangular in. section, 33-37  18-25p. 


Synonyms. 
J.. Kithn, “ Hedwigia,” 1884, p. 168. 
Peridermium columnare, Alb. and Schw. Cooke, “ Hdbk.,” 
p. 535; “Micro, Fungi,” 4th edit., p. 194, t: ii. figs. 27, 28. 


Eexstecat?, 
Vize, ‘‘ Micro. Fungi Brit.” 60. Cooke, i. 214. 


On Abies pectinata, nordmantana, amabilis, cephalonica. 
Lyme Regis, Mr. Munro: 


BIoLoGy.—4cidium columnare was found by De Bary to be 
the AEcidium. of Melanipsora goehpertiana, Kiihn ;. but the teleuto- 
spores have not up. to the present time been found in England, 
although their host-plant, Vaccinium. vitis-idea, is by no means rare. 
I therefore submitted specimiens of this species to Professor Kiihn, 
who found them to be his 4. pseudo-columnare, the life-history of 
which is distinct from. 4c, columnare. 


DESCRIPTIONS OF THE BRITISH 
USTILAGINE#. 


USTILAGINEZ. Schréter. 


FunG1 parasitic in the tissues of living plants. Mycelium 
widely spreading, but soon vanishing. Teleutospores produced 
in the interior of mycelial branches, which often become gelati- 
nized. Germination of the spores by a promycelium and pro- 
mycelial spores (sporidia), or by continuous sprouting, after the 
manner of yeast-spores. 


Ustilago. Pers. 


Teleutospores simple, produced in the interior of much gela- 
tinized swollen hyphz; when mature forming pulverulent masses. 
Germination by a septate promycelium, which produces pro- 
mycelial spores (sporidia) both laterally and apically, but principally 
the former. 


* Teleutospores smooth or obscurely punctate. 


Ustilago longissima. (Sow.) 


Forming long parallel lines, mostly on the upper side of the leaves, 
soon pulverulent, olive-brown. Teleutospores globose, some- 
times discoid, often irregular, pale olive-brown, smooth, 3‘5-4p 
in diameter, 6-74 long. Promycelia very short. 


Synonyms, 
Ustilago longissima, Winter in Rabh., “Krypt. Flor.,” vol. i. 
p. 85. 
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Ustilago longissima, Tul. Cooke, “ Hdbk.,” p. 512; “ Micro. 
Fungi,” 4th edit., p. 229, t. v. figs. 105-107. 
Uredo longissima, Sow., t. 139. Berk., “Eng. Flor.,” vol. v. 
pt. ii. p. 375. 
Exsiccati. 
Baxter, 230, Cooke, i. 55; ii. 71. Vize, “ Fungi Brit.,” 33. 


On Glyceria aquatica and fluitans. 
Throughout the summer and autumn. 


BIOLOGY.—The affected plants seldom if ever develop their inflo- 
rescence. Intermixed with the teleutospores are a number of pale cells, 
the function of which is unknown. For an atcount of the germination 
of the teleutospores, see p. 81. 


Ustilago hypodytes. (Schlecht.) 


Produced on the culms, beneath the leaf-sheaths, soon exposed, 

: black, with a tinge of olive, pulverulent. Teleutospores sub- 

globose, oblong, or angular, pale yellowish brown, subtrans- 
parent, smooth, 3-6 X 3~4'5u, mixed with others much larger. 


Synonyms. 


Caoma hypodytes. Schlecht., “ Flor. Berol.,” vol. ii. p. 129. 

Ustilago hypodytes, Fries. Winter, Joc. cit, p. 87. Cooke, 
“ Hdbk.,” p. 513; “Micro. Fungi,” 4th edit., p. 229, t. v. figs. 
Ioo, IOI. P 


LEixsiccati, 
Cooke, i. 56; il. 433. Vize, “ Fungi Brit.,” 35. 
On Zyriticum repens, junceum, Elymus arenarius, Bromus erectus, 


Psamma arenaria. 
June to November. 


BIoLoGy.—See p. 80. 


Ustilago segetum. (Bull.) 


Produced in the receptacle and rachis, destroying the whole 
inflorescence, dusty, black, with an olive-brown lustre. Teleuto- 
spores globose or irregular, often flattened on one side, pale 

, 
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yellowish-brown, subtransparent, smooth or obscurely punctate 
or granular, 5-8» in diameter. 


Synonyms. 


Reticularia segetum. Bull, ‘“‘Champ.,” vol. i. p. go, t. 472, , 
fig. 2, With., vol. iv. p. 356. Purton, vols. iL, iii, No. 1079. 
Johnst., ‘Flor. Berw.,” vol. ii. p. 203. Grev., “ Flor. Edin.,” 
Pp. 442. 

Uredo segetum. Pers., ‘‘ Disp. Meth.,” p. 56. Berk., “ Eng. 
Flor.,” vol. v. p. 314. 

Ostilago carbo, Tul. Cooke, “ Hdbk.,” p. 512. 

Ustilago segetum (Bull). Winter, oc. cit, p. 90. Cooke, 
“Micro. Fungi,” 4th edit., p. 229, t. v. figs. 98, 99. 


Exsiccati, 


Cooke, i. 54; ii. 428, 430, 432. - Baxter, 43. Vize, “ Fungi 
Brit.,” 31. 


On Avena elatior, sativa, Triticum vulgare, Hordeum vulgare, 
distichum, hexactichum. 
May and June. 


BIoLoGy.—See p. 74, and p. tor. Mr. J. L. Jensen, of Copen- 
hagen, has recently published his observations on the biology of this 
species. He has succeedéd in infecting oats, barley, and wheat, by 
removing the external envelopes of the seeds and applying the spores 
to the bare kernels. He finds that the varieties of U. segetum which 
occur upon the above plants are biologically distinct, the Ustilago 
from the one cereal being incapable of infecting the others. Upon 
barley he finds two well-marked forms, var. ¢ecfa and muda. Of these 
nuda is by far the most common. The spores have a tinge of yellow 
when seen e” masse; they are rather smaller than those of ¢ecta. 
The affected ears are completely destroyed, excepting the rachis, and 
the spores soon scattered. TZecta, on the other hand, -hgs somewhat 
larger spores, which, when seen e7 masse, are jet-black. ~The affected 
ears are nearly twice as broad as the healthy ones, and do not emerge 
from the top of the leaf-sheath, but burst through laterally. Each of 
the affected kernels retains its shape for a considerable time, being 
enclosed in a membranous investment. The spores escape through 
minute fissures which appear in this membrane. TZecta has been 
found in the island of Iona, but it doubtless occurs all over Britain. 
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Ustilago grandis. Fries. 
On the caulms beneath the leaf-sheath, often occupying whole 
internodes, black, dusty. Teleutospores globose, elongated 
or irregular, pale brown, smooth, 7-12 X 6-84. 


Synonyms. 

Ustilago grandis. Fries, “Syst. Mycol.,” vol. ii. p. 518. 
Schrot., “ Krypt. Flor. Schl.,” vol. iii. p. 268. Winter, Joc. c7z., 87. 

Ustidlago typhoides. B. and Br., Ann. Nat. Hist., No. 480. 
Cooke, ‘“‘ Hdbk.,” p. 513; “Micro. Fungi,” 4th edit., p. 229, t. vi. 
figs. 128, 129. 

On Phragmites communis. 

July to November. 


B1oLoGy.—See p. 83. 


Ustilago grammica. BB. and Br. 


Forming little transverse bands, consisting of short, parallel black 
lines, 2 mm. or morelong. Teleutospores globose, very minute. 


Synonym. 
Ustilago gramnuca. B. and Br., Ann. Nat. Hist., No. 483. 
Cooke, “ Hdbk.,” p. 514; “ Micro. Fungi,” 4th edit., p. 229, t. vi. 
figs. 120, 121. 


On Aira cespitosa and Glyceria aquatica, 


Ihave never met with this species; and am unable to give 
any details concerning its spore-germination. 


Ustilago marina. Durieu. 

Spore-masses blackish brown, forming swellings on the roots. 
Teleutospores of two forms: (a) globose or obtusely ovoid or 
elongated, 10-134; (4) irregularly ovoid elongate, 16 x 
10-13, olive-brown, smooth. 


Synonym. 
F. v. Waldh., “ Syst. des Ust.,” p. 17. 
Ustilago marina. ‘Cooke, “ Grevillea,” vol. xiv. p. go. 


On Scirpus parvulus. 
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Ustilago hypogea. Tul. 

Spore-masses black, compact, formed round the root-stock, inter- 
sected by white fibres. Teleutospores rounded or rounded 
polygonal, dark brown, scarcely transparent, smooth, contents 
very oleaginous, 20-24 X 14-204. 


SYNONYM. 
Ustilago hypogea. Tulasne, “Fung. Hypogei,” 1862, p. 196. 
F. v. Waldh., ‘‘ Monograph,” p. 18. ‘‘ Grevillea,” vol. xiii. p. 52. 


On Linaria spuria. Isle of Wight. 


Ustilago caricis. (Pers.) 

Spore-masses black, produced within the glumes, forming a firm, 
black, globose body. Teleutospores very irregular in form, 
spherical, elliptical, discoid or angular. Epispore dark brown, 
opaque, obscurely punctate, 12-24 X 7-20p, 


Synonyms. 


Winter, loc. cit., p. 92. Schrot., loc. cit, p. 270. 

Uredo caricis. Pers., “Syn.,” p. 225. 

Uredo urceolorum, D.C. Berk, “Eng. Flor.,” vol. v. p. 375. 
Grev., ‘Flor. Edin.,” p. 443. Johnst., “Flor. Berw.,” vol. ii. 
p. 204. 

Ustilago urceolorum, Tul, Cooke, “ Hdbk.,” p. 512. “Micro. 
Fungi,” 4th edit., p. 229, t. vi. figs. rog—-111. 

Ustilago montagnet. B. and Br., No. 479. Cooke, “ Hdbk.,” 
p. 513; “Micro. Fungi,” 4th edit., p. 229, t. v. figs. 96, 97. 

farinaria carbonaria, Sow., t. 396, fig. 4. 


Exsiccati, 
Cooke, i. 541. Berk., 114. Vize, “Micro. Fungi,” 131. 
On Carex pracox, stellulata, recurva, glauca, divica, vulgaris, 


panicea, pseudocyperus, hirta, Rhyncospora alba. 
June to August. 
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Ustilago bistortarum. (D. C.) 


Produced in bullate masses in the leaves, at first hemispherical, 
then bursting, black. Teleutospores subglobose, dark violet, 
obscurely punctate, 10-20 X 12-15. 


Synonyms. 
Schrot., Zoe. cit, p.. 271. Winter, 4c. cit., p. 95. 
Uredo bistortarum, var. D, C., ‘Flore frang.,” vol. vi. p. 76. 
Tilletia bullata, Fckl, Cooke, “Micro Fungi,” 4th edit., 
P. 233+ 
On Polygonum bistorta and Rumex sp. (?) 
July and August. 


Ustilago olivacea. (D. C.) 


Produced in the fructification, at length pulverulent and mixed 
with filaments, dark olive-brown. ‘Teleutospores variable in 
form and size, roundish, angular, ovate, elongate, or sub- 
cylindrical and curved, pale olive-brown, smooth or finely 
punctate. The globose spores are about 5y in diameter, the 
elongate 5-15 X 4-5m 


Synonyms. 


Winter, Joc. cit., p. 91. Schrot., Zoe. ciz., p. 269. 

Uredo olivacea, VD. C., “ Flore frang.,” vol. vi. p. 78. Berk., 
“ Eng, Flor.,” vol. v. p. 376, 

Ustilago olivacea, Tul. Cooke, “Hdbk.,” p, 513; “Micro. 
Fungi,” 4th edit., p. 230, t. vi. figs. 126, 127. 


LExsiccati. 
Cooke, i. 298 ; il, 435. Vize, ‘‘ Fungi Brit.,” 32. 


On Carex riparia. 
June and July. 


BroLoGy.—The function and origin of the filaments are unknown. 
See p. 84. 
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Ustilago bromivora. (Tul.) 


Produced in the inflorescence, soon pulverulent, black. Teleuto- 
spores spherical or oval, dark brown, obscurely punctate, 
7-12 X 7-Iop, 

Synonyms. 


Ustilago carbo, var. bromivora. Tul. Ann. Se. Nat., ser. iii., 
vol, vii. p. 81. 


.Ustilago bromivora, Waldh. Cooke, “ Micro. Fungi,” 4th edit., 
p. 230. Winter, Joc. cit, p. 91. Schrot., loc. cit, p. 260. 

On Bromus secalinus and mollis, 

May and June. 


BIOLOGY.—See p. 83. 


** Teleutospores echinulate or verrucose. 


Ustilago maydis. (D. C.) 
Olive-brown, dusty, in the ovule and female inflorescence, and on 


the stems and leaves. Teleutospores subglobose, rarely 
elongate, pale brown, closely echinulate, 10-13 x 8-10p. 


Synonym. 


Schrot., Joc. cét., p. 271. Winter, loc. cit., p. 97. 
Ustilago maydis, Corda. Cooke, “ Hdbk.,” p. 513; ‘ Micro. 
Fungi,” 4th edit., p. 230, t. v. fig. 108, 


Lixsiccati, 
Cooke, i. 4333 ii. 431. 
On Zea mays. 
September and October. 


BIOLOGY.—See p. 79. 


Ustilago vinosa. (Berk.) 


Spore-masses black, produced in the swollen flower-buds. Teleu- 
tospores spherical, very pale violet, transparent, thickly covered 
with large hemispherical warts, 10-12 x 7—10,, 
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Synonyms. 
OUredo vinosa. Berk. in litt. 
Ustilago vinosa, Tul. Cooke, ‘‘ Hdbk.,” p. 514; “Micro. 
Fungi,” 4th edit. p. 230. 


On Oxyria reniformis. 


*** Teleutospores reticulated, 


Ustilago scabiose. (Sow.) 


Produced in the anthers and filling the whole of the florets, pale 
flesh-colour, | Teleutospores subglobose, nearly colourless, 
finely reticulated with low ridges, 10-12 X 8-10p. 


Synonyms. 
Winter, Joc. cit, p. 99.. Schrot., Joc. cit, p. 272. 
Farinaria scabiose. Sow., “ Eng. Fung.,” t. 396, fig. 2. 
Ustilago flosculorum, Tul. Cooke, ‘ Hdbk.,” p. 515; “ Micro. 
Fungi,” 4th edit., p. 231, t. vi. figs, 123-125, in part. 


On Scabiosa arvensis, 
June to September. 


BIOLOGY.—See p. 79. 


Ustilago flosculorum. (D. C.). 


Produced in the anthers, white, pale brownish, dirty violet or violet: 
Teleutospores transparent, seldom quite spherical, irregularly 
round, rarely sub-elliptical, ridges low, forming close reticula- 
tions, 10-18 X 10-20p. 


Synonyms, 
Winter, Joc. cit., p. 99. 
Uredo flosculorum. UD. C., “Flore frang.,” vol. vi. p. 79. 
Ustilago intermedia, Schrét. Rabh., “ Fung. Europ.,” 1696. 
Ustilago succise. Magnus, “ Hedwigia,” 1875, p. 17. Cooke, 
‘Micro. Fungi,” 4th edit., p. 230. 


On Scabiosa columbaria, arvensis, and succisa. 
July to October. 


BIOLOGY,—See p. 79. 
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Ustilago utriculosa. (Nees.) 


Spore-masses dark violet, produced within the perianth, causing 
the blossoms to become swollen. Teleutospores globose, 


transparent, violet, reticulated with very high ridges which 
form a wide network, 9-12, in diameter, 


Synonyms. 


Winter, Zoc. cit., p. 100. Schrot., Joc. cit., p. 273. 


Caoma utriculosum, Nees, “System,” p. 14, t. i. fig. 6. 
Oredo utriculosa, D.C. Berk., “ Eng. Flor.,” vol. v. p. 377. 


Ostilago utriculosa, Tul. Cooke, “Hdbk.,” p. 514; “ Micro. 
Fungi,” 4th edit., p. 230, t. vi. figs, 112-116. 


Lxsiccati, 
Vize, “ Micro. Fungi,” 132. 


On Polygonum lapathifolium, persicaria, convolvulus, and hydro- 
piper. 
June to September. 


BIOLOGY.—See p. 85. 


Ustilago violacea. (Pers.) 


Spore-masses violet, pulverulent, produced in the anthers. Teleu- 
tospores rounded, violet, transparent, epispore covered by 
ridges which form a close network, 6-9 in diameter. 


Synonyms. 
Winter, Joc. cit., p. 98. Schrot., doc. cit. p. 273. 
Uredo violacea. Pers., “ Disp. Meth.,” p. 57. 
Farinaria stellaria. Sow., “ Eng. Fung.,” t. 396, fig. 1. 


Uredo antherarum, D. C. Grev., ‘*Flor. Edin.,” p. 443. 
Berk., “ Eng. Flor.,” vol. v. p. 381. 


Ustilago antherarum, Fries. Cooke, “ Hdbk.,” p. 515; 
“ Micro. Fungi,” 4th edit., p. 230, t. v. figs. 102-104. 


Lixsiccati, 
Cooke, ii. 427. Vize, “ Fungi Brit.,” 84. 


On Silene inflata, maritima, nutans, Cerastium viscosum 
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Stellaria graminea, holostea, Lychnis flos-cuculi, vespertina, and 
diurna, 


June to October. 


BioLocy.—See p. 78. 


Ustilago major. Schrot. 


Spore-masses blackish violet, produced in the anthers, pulverulent. 
Teleutospores spherical or elongated, violet, reticulated with 
ridges about 1» high and sp distant from each other, 
7-13 X 7-9p. 

Synonym. 
Ustilago major. Schrot. in Cohn’s “Krypt. Flor. Schl.” 

vol. iii. p. 273. 

On Silene otites. Near Brandon; Mr. Frank Norgate. 
July and August. 


BIoLocy.—See p. 84. 


Ustilago kuhneana. Wolff. 


Produced on the stems, flowers, and on the leaves in the form 
of spots or striz, rusty violet. Teleutospores globose, violet, 
rather transparent, reticulated with very slightly elevated ridges, 
which form a close network on the epispore, 10-18 in 
diameter, 

Synonym. 
Winter, /oc. ciz., p. 98. 
Ustilago kiithneana. Wolff in Bot. Zeit., 1874, p. 814. Cooke, 

“Micro. Fungi,” ath edit., p. 231. 


On Rumex acetosa and acetosella, 
June and July. 


BIoLocy.—See p. 80. 


Ustilago tragopogi. (Pers.) 

Spore-masses blackish violet, destroying the whole of the flowers, 
enclosed in the involucre. Teleutospores globose, generally 
irregularly rounded, opaque, dark violet, with very fine reticu- 
lations, 13-17 X 10-13m 
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Synonyms. 


Schrot., Zoe. cit, p. 274. Winter, doc, cé¢., p. Tol. 

Uredo tragopogi, Pers., “Disp. Meth.,” p. 57. 

Ustilago receptaculorum, Fries. Cooke, ‘ Hdbk.,” p. 515; 
“ Micro. Fungi,” 4th edit., p. 230, t. v. figs. 92-95. 


; LExstccatt, 
Cooke, i. 59; il. 434. Vize, “Micro, Fungi,” 134. 
On Tragopogon pratensis, 
May to July. 


BIOLoGy.—See p. 80. 


Ustilago cardui, F. v. Waldh. 


Spore-masses brown, produced in the florets. Teleutospores 
globose or shortly elliptical, violet, with very high reticulating 


ridges, 15-20 10-15. 


Synonym. 

Ostilago cardui, Waldh. Bull, Sc. Nat. de Moscou, 1867, 
vol. i, Cooke, ‘ Micro, Fungi,” 4th edit., p. 231. Schrot, Zoc. 
cit, p. 274. Winter, loc. cét., p. 101. 

On Carduus acanthoides. 

July and August. 


BIoLocy.—See p. 78, 


SPHACELOTHECA. De Bary. 


Teleutospores contained in a compact receptacle, formed of 
barren cells provided with a columella, and open above. Teleu- 
tospores simple. Germination as in Ustilago. 


Sphacelotheca hydropiperis. (Schum.) 
Spore-masses black, elongated, projecting from the perianth, 
formed in the ovary, at length opening at the top and allow- 
ing the dusty teleutospores to escape. Teleutospores globose 
or elongated, dark violet, transparent, smooth, 9-12 X 8-11. 
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Synonyms. 
Schrot. in Cohn’s “ Krypt. Flor. Schl.,” vol. iii. p. 275. 
Uredo hydropiperis. Schum., “Enum. Plant. Sell.,” vol. ii. 
P. 234. 
Ustilago candollet, Tul. Cooke, “Micro. Fungi,” 4th edit., 
p. 229. 
Lixsiccatt, 
Cooke, i. 58; ii. 72. Vize, “ Micro. Fungi Brit.,” 221. 


On Polygonum hydropiper. 
August to October. 


BIOLOGY.— See p. 85. 


TILLETIACEL, Schrot. 


Promycelium producing spores only at its apex. Conidia 
either produced on the host-plant or from mycelium. 


= 


Tilletia. Tulasne. 


Teleutospores simple, produced separately as outgrowths from 
the gelatinized mycelium, when mature, pulverulent. Conidia 
produced from mycelium in nahrlosung. 


Tilletia tritici. (Bjerk.) 

Spore-mass dusty, olive-black, within the ovary, when rubbed 
emitting an offensive fishy odour. Teleutospores spherical, 
olive-brown. Epispore reticulated with ridges, from 1 to 1's 
high and about 4 apart, 16-20, in diameter. 


Synonyms. 

Winter in Rabh., “ Krypt. Flor.,” vol. i. p. r10.  Schrot., Zoe. 
cit., P. 277. 

Lycoperdon triticé. Bjerk., Act, Suec., 1775, p. 326. 

Uredo caries, D.C. Grev., “ Flor. Edin.,” p..443. Berk., “ Eng. 
Flor.,” vol. v. p. 373. Johnst., “Flor. Berw.,” vol. ii. p. 204. 

Tilletia caries, Tul. Cooke, “Hdbk.,” p. 511; “ Micro. 
Fungi,” 4th edit., p. 223, t. v. figs. 84-91. 
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Lxsiccati, 
Baxter, 113. Cooke, i. 53. Vize, ‘“‘ Micro. Fungi,” 130, 
On Triticum vulgare. 


BIOLOGY.--See p. 86. 


Tilletia decipiens. (Pers.) 


Spore-masses black, compact, produced within the ovary, fetid. 
Teleutospores globose, reticulated, ridges 2'5-3u high and 
about 4p apart, dark brown, 24-28, in diameter. 


Synonyms. 
Schrot., doc. cit, p. 278. Winter, oc, cit, p. 111. 
Oredo segetum, vax. decipiens. Pers., ‘Syn.,” p. 225. 
Tilletia spherococca, F. v. Waldh. Cooke, “ Grevillea,” vol. xii. 
P- 99. 
On Agrostis vulgaris. 


BioLocy.—Professor J. W. H. Trail states that the presence of 
the fungus in Agvrostzs vulgaris causes it to assume the form called 
pumila, usually regarded as a distinct variety of this grass, 


Tilletia strizeformis. (Westd.) 


Spore-masses black, in parallel lines on the leaves, leaf-sheaths, 
and stems. Teleutospores globose or irregularly rounded, 
thickly covered with minute spicules, which towards the base 
of the spores tend to form reticulations, olive-brown, 10-1 5 
X Q-I2p. 

” Synonyms, 

Schrot., Joc. cit., p. 278. Winter, Joc. ciz., p. 108. 

Uredo striaformis. Westd., Bull. Acad. de Brux,, 1851, 
p. 406. 

Ustilago salveiit. B. and Br., Ann. Nat. Hist, No. 482. 
Cooke, ‘“Hdbk.,” p. 514; “Micro. Fungi,” 4th edit., p. 230, 
t. vi. figs. 117-119. 

Lixsiccati, 

Cooke, i. 57. Vize, “ Micro. Fungi,” 133; “Micro, Fungi 

Brit.,” 222. 
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On Dactylis glomerata, Triticum repens, Holchus lanatus. 
June to September. 


BioLocy.—Fischer v. Waldheim says that the germination is 
similar to that of 7. ¢vdtict. 


UROCYSTIS. Rab. 


Pulverulent ; spore-balls consisting of a variable number of 
dark, smooth, large teleutospores placed centrally, surrounded by 
a number of smaller, paler pseudospores, which do not germinate. 
Germination of the central teleutospores as in Tilletia. 


Urocystis oceulta. (Wallr.) 


Spore-masses black, forming long lines on the leaves, stems, and 
leaf-sheaths. Spore-balls round or elliptical, consisting of 1 to 
3 spores, surrounded by a variable number of pseudospores, 
16-25 X 15-20. .Teleutospores irregularly rounded, con- 
tiguous surfaces flattened, smooth, opaque, dark brown, 
10-184 in diameter. Pseudospores irregularly but generally 
distributed around the circumference of the spore-ball, sub- 
hemispherical, pale brown, 4-6 high. Mycelium annual. 


Synonyms. 

Schrot., Zoc. cit, p. 279. Winter, Zoe. ciz., p. 119. 

Lrysibe occulta, Wallr., “ Flor. Crypt. Germ.,” vol. ii, p. 212: 

Crocystis occulta, Preuss. Cooke, “ Hdbk.,” p. 517. 

Urocystis parallela, B. and Br. Cooke, “ Micro. Fungi,” 4th 
edit., p. 232, t. ix. figs. 187, 188, 

Uredo parallela, Sow. Berk., “ Eng. Flor.,” vol. v. p. 375, in 
part. 


On Secale cereale. 


BIOLOGY.—See p. 93. 


Urocystis agropyri. (Preuss.) 


Produced in parallel lines on the leaves, black. Spore-balls sub- 
globose, 20-26 X 15-204, Teleutospores from 1 to 3, 
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surrounded by a single layer of pseudospores, 5-9 in dia- 
meter. Mycelium perennial. 


Synonyms. 
Schrot., Zoe. cét., p. 279. 
Uredo agropyri, Preuss. Sturm’s “Deut. Flor.,” 3rd edit., 
vol. vi. p. 1, t. i. : 
Urocystis parallela, B. and Br. Cooke, “ Micro. Fungi,” 4th 
edit., p. 232, in part. 


On Triticum repens and Avena elatior. 
June to October. 


Urocystis fischeri. Korn. 


Spore-masses black, in parallel lines on the leaves. Spore-balls 
with 1 or 2, rarely 3 teleutospores, 30-45 in diameter. 
Teleutospores rather larger asa rule thanin U. occulta, generally 
18-20 in diameter. Pseudospores firmly attached, numerous, 
completely enclosing the teleutospores, dark brown. 


Synonym. 
Winter, Joc. ciz., p. 120. 
Urocystis fischeri. Korn., “ Hedwigia,” 1877, p. 34. 


On Carex glauca, 
July to September, Mr. Soppitt. 
BIOLOGY.—See p. 93. 


Urocystis colchici. (Schlecht.) 


Spore-masses black, forming in the leaves swollen lines and 
patches, which soon burst and become pulverulent. Spore- 
balls rounded or irregular, composed of from two to four 
roundish, polygonal, smooth, brown teleutospores, which are 
surrounded by a great number of yellowish-brown pseudo- 
spores. Spore-balls 20-25 X 15-204; teleutospores 12 X 15m 
in diameter; pseudospores 8-11 in diameter. 


Synonyms. 


Winter, loc. cit, p. 120. Schrot., Zoe. ciz., p. 280. 


Urocystis. 287 


Caoma colchici. Schlecht., “ Linnea,” vol. i. p. 241. 
Urocystis colchici, Tul. Cooke, “ Hdbk.,” p. 5173; ‘‘ Micro. 
Fungi,” 4th-edit., p. 232. B. and Br., No. 485. 


Exstccatt, 
Berk., 309. 
On Colchicum autumnale. 
April to July. 


BIOLOGY.—See p. 68. 


Urocystis sorosporioides. Korn. 
Spore-masses black, in thick, flat pustules on the leaves, and in 
fusiform swellings on the stems. Spore-balls rounded, com- 
pact, opaque, 25-45 X 15-254. Teleutospores from three to 
six in number, roundish, compressed, dark brown, 12-16p in 
diameter. Pseudospores hemispherical, pale brown, equally 
distributed around the teleutospores, 7-10 in diameter. 


Synonyms. 
Schrot., Zoc, ci¢., p. 280. Winter, loc. cit, p. 124. 


_ Orocystis sorosporioides, Korn. Feckl., “Symb. Nach.,” vol. iti. 
p- 10. Cooke, “ Micro. Fungi,” 4th edit., p. 232. 
On Thalictrum minus, and its var. maritima. 
June to August. 


Urocystis gladioli. (Requien.) 

Spore-masses black within the corms. Spore-balls roundish, 
40-50 in diameter. Teleutospores rounded on the outer 
side, compressed on the inner, brown, 46m in diameter. 
Pseudospores very numerous, pale, brown, evenly distributed. 


Synonyms. 
Winter, /oc. cit., p. 121. 
Uredo gladioli, Requien. Duby, “ Bot. Gall.,” vol. ii. p. gor. 
Urocystis gladioli, Smith. Cooke, “ Micro. Fungi,” 4th edit., 
Pp. 232. 
On Gladiolus communis. 
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Urocystis anemones. (Pers.) 

Producing roundish, elongate, or irregular swellings on the stems 
and midribs. Spore-masses black. Spore-balls variable in 
size, form, and composition, 35 x 254. Teleutospores one 
or two in number, rarely more, subglobose or polygonal, 
opaque, dark brown, obscurely punctate, 10-15 in diameter. 
Pseudospores not very numerous, globose, or semiovate, pale 
brown, seldom completely surrounding the teleutospores, 
8-1op in diameter. 


Synonyms. 
Schrot., doc. ct?., p. 280. Winter, oc. cit, p. 123. 
Uredo anemones. Pers., “ Disp. Meth.,” p. 56. 


Urocystis pompholygodes, Lév. Cooke, “ Hdbk.,” p. 517; 
“ Micro. Fungi,” 4th edit., p. 232, t. ix. figs. 183, 184. 


Lexsiccatt. 
Berk., 236. Cooke, i. 79; ii. 148. Vize, “ Micro. Fungi,” 
36; ‘Micro. Fungi Brit.,” 4. 
On Anemone nemorosa, Ranunculus repens and bulbosus. 
May to October. 


BIOLOGY.—See p. 94. 


Urocystis viole. (Sow.) 


Spore-masses black, in swellings on the stems and midribs, 
Spore-balls irregularly rounded, 35-45 in diameter, contain- 
ing from one to six or more teleutospores, which are roundish 
or polygonal, dark brown, 10-15 in diameter. Pseudospores 
distinctly hemispherical, pale brown, 6-1op in diameter. 


Synonyms. 
Schrot., loc, ctt., p. 280, Winter, loc. cit., p. 122. 
Granularia viole. Sow., “ Eng. Fung.,” t. 440. 


Urocystis viola, B. and Br. Cooke, “ Hdbk.,” p. 517; “ Micro. 
Fungi,” 4th edit., p. 232, t. ix. figs, 185, 186, 
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LExsiccats. 
Cooke, i. 78. Vize, “Micro, Fungi,” 137. 


On Viola odorata, sylvatica. 
May to September, 


BIOLOGY.—See p. 94. 


Uroeystis primulicola. Magnus. 


Spore-masses brownish black, produced in the ovary, pulverulent. 
Spore-balls roundish or irregular, 25-5oy in diameter. Teleu- 
tospores subglobose, ovate, or polygonal, dark brown, smooth, 
10-15 in diameter. Pseudospores much resembling the 
teleutospores, but rather smaller and not quite so dark in 
colour, numerous. Promycelial spores ovate or elongate, ellip- 
tical, 10-12 X 4-5 

Synonym. 
Orocystis primulicola. Magnus, Hedwigta, 1879, p. 19. 


On Primula Jarinosa, Rev. C. Wolley Dod; on P. vulgaris, 
Prof. J. W. H. Trail. 
July and August. 


BIoLOGy.—See p. 95. 


ENTYLOMA. De Bary. 


Mycelium intercellular, not gelatinized. Teleutospores formed 
within the hyphz, intercalated, never becoming pulverulent, in 
circumscribed clusters. Promycelial spores. produced on the end 
of the promycelium. Conidia in some species produced on the 
living host-plant from the mycelium. 


* Conidia formed on the living host-plant. 


Entyloma fergussoni. (B. and Br.) 


Spots circular, 1-3mm. in diameter, becoming whitish from the 
development of the conidia. Teleutospores globose or irregu- 
larly rounded. Epispore rather thin, pale brown, smooth, 
11-13 in diameter. 

U 
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Synonyms. 

Exntyloma canescens, Schrét. Cohn’s “ Beitr.,” vol. ii, p. 372. 
Trail, Scott. Mat., 1884, pp. 128-181. Winter, loc. cit., p. 113. 

Protomyces fergussoni, B. and Br., Ann. Nat. Hist., No. 1473. 
Cooke, “ Grevillea,” vol. xii. p. 99; “ Micro. Fungi,” 4th edit., 
p. 227. 

On Myosotis arvensis, palustris, cespitosa. 

June to October. 


Entyloma bicolor. Zopf. 


Spots roundish, yellow. Teleutospores globose or polygonal. 
Epispore gelatinous, of variable thickness, at first colourless, 
then brown, 20-23 X 15-18. Conidia cylindrical, curved, 
simple or septate, rounded above, attenuated towards the 
base, 10-20 X 3p. 

Synonym. 
Entyloma bicolor. Zopf in Rabh., “ Fung. Europ.,” No. 2496. 

Winter, loc. céz., p. 112. 


On Papaver rheas. 
June and July. 


Entyloma ranuneculi. (Bon.) 


Spots circular, 2-5mm. across, at first whitish, then yellow or 
brown. Conidia produced freely, fusiform or filiform, 40 X 2p. 
Teleutospores globose. Epispore smooth, pale brown, 10-14 
in diameter. 

Synonyms. 
Winter, /oc. ctf, p. 112. Schrot., Joc. cit, p. 282. 
Fusidium ranunculi. Bon., ‘“‘ Handb. d. Mycol.,” p. 43. 
Protomyces ficaria, Cornu and Roze. 
Lntyloma ficaria, F. v. Waldh. 
Glaosporium ficaria, Berk. Cooke, ‘ Hdbk.,” p. 475. Trail, 
Scott. Nat., 1884, p. 228. 


Lixsiccati, 
Cooke, i. 533. Berk., 212, 
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On Ranunculus ficaria and sceleratus. 
May and September. 


BIOLOGY.—See p. 91. 


Entyloma matricariz. Trail. 


Spots on stems (irregularly rounded or oval), or more often on 
leaves, affecting the segments on all their surfaces, small, 
nearly white while conidia are being formed, but becoming 
brown and dry; conidia (produced freely on conidiophores 
pushed out in clusters from the stomata) fusiform or filiform, 
15-20 X 1°5-2u, pale yellowish, pluri-guttulate or faintly 3-4 
septate. Teleutospores abundantly formed in the tissues of 
the host, round or polygonal from pressure, 10-12 in diameter. 
Epispore smooth, about 1'5m thick, at first hyaline, becoming 
brown. 


On Matricaria inodora. 
At Finstown, in Orkney, in August, and plentifully near Aber- 
deen in September; J. W. H. Trail. 


** Conidia not formed on the living host-plant. 


Entyloma chrysosplenii. (B. and Br.) 


Spots whitish, thickened, roundish, 2-6 mm. across. Teleuto- 
spores globose or shortly elliptical, smooth, colourless, 10-124 
in diameter. 

Synonym. 
Schrot., Joc. czt., p. 283. 
Protomyces chrysosplenii, B. and Br. Cooke, ‘‘ Micro. Fungi,” 

4th edit., p. 227. 


On Chrysosplenium oppositifolium. 
June to September. 


Entyloma microsporum. (Ung.) 


In round or fusiform swellings, which become yellowish brown. 
Teleutospores globose or irregular, with a thick compound 
epispore, pale yellowish brown, 15-25 X 12-15,. 
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Synonyms. 
Schrot., Joc. cit, p. 284. 
Protomyces microsporus. Ung., ‘‘Exanth. Plant.,” p. 343. 
Entyloma ungeriaum, De Bary. Cooke, ‘“ Micro. Fungi,” 4th 
edit., p. 233. Trail, Scott. Mat., 1884, p. 288. 


On Ranunculus repens and acris. 
June to November. 


BioLoGy.—The promycelial spores are cylindrico-fusiform, and 
conjugate in pairs. 


Entyloma calendule. (Oud.) 


Spots round, at first whitish, then becoming brown. Teleuto- 
spores globose or polygonal, smooth, nearly colourless or pale 
yellowish brown, 10o-16p in diameter. 


Synonyms. 
Schrot., Joc. ctt., p. 283. 
Protomyces calendui@. Oud., “Flor. Myc. Neerland,” vol. ii. 
p. 42. 
Protomyces hieracii, Berk. in Herb. No. 5248. Cooke, 
“ Grevillea,” vol. xii. p. 99. , 
Entyloma calendula, Trail, Scott. Nat., January, 1884, p. 124. 


On Calendula officinalis, Hieracium vulgatum, murorum, 
June to September. 


MELANOTANIUM. De Bary. 


Spores simple, in indeterminate groups, produced within the 
hyphz, not pulverulent, germination as in Entyloma. 


Melanotenium endogenum. De Bary. 


Mycelium intercéllular, permeating the whole plant, sending tufted 
haustoria into the adjacent cells. Teleutospores forming 
black masses under the cuticle, rounded, elliptical, or poly- 
gonal from mutual pressure, dark brown, smooth, 15-20 x 
12-204, Epispore thick, opaque, dark brown. Endospore 
thin, colourless. 


Tubercinia. 203 


Synonym. 
Schrot., Joc. cit., p. 283. 
Melanotanium endogenum. De Bary, Bot. Zeit., 1874, p. 108. 
Trail, Scott. Nat, 1884, p. 243. 


On Galium verum. 


BIOLOGY.—The affected plants are deformed by the presence of the 
parasite, being shorter and stiffer, seldom blossoming, and resembling 
an Equisetum in habit (see p. 95). 


TUBERCINIA. Fries. 


Spore-balls consisting of numerous teleutospores, at length 
pulverulent. Germination as in Entyloma. Conidia white, ovate, 
produced from mycelium on the living host-plant. 


Tubercinia trientalis. B. and Br. 


Spore-masses black, in bullate swellings on the leaves and stems. 
Spore-balls irregularly rounded or elongated, containing a 
large number of teleutospores (50 to 100), from 20—-100p in 
diameter. Teleutospores rounded or polygonal, dark brown, 
smooth, firmly connected, 15-30 X 10-204. Conidia in 
white, shining, extended patches on the under side of the 
leaves, ovate or pyriform, attenuated above, hyaline. 


Synonyms. 
Schrot., oc. cit., p. 285. 
Ascomyces trientalis. Berk., “‘ Outl.,” p. 376. Cooke, “ Hdbk.,” 
p. 737 (conidial stage). 

Tubercinia trientalis, B. and Br., No. 488. Cooke, “ Hdbk.,” 
p. 516. 

Sorosporium trientalis, Woron. Cooke, “ Micro. Fungi.,” 4th 
edit., p. 231. 

Sorosporium paridis (Ung.). Winter, loc. cé#., p. 102. 


Lixsiccate. 
Vize, ‘ Micro. Fungi,” 137. 


On Zrientalts europea. 
June to October. 
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BIOLOGY.—The affected plants are taller and more slender in their 
form. In May and June they produce conidia on the under sides of 
their leaves. The stems are blackened by the presence of spores 
beneath the bark (see also p. 96). 


Tubercinia scabies. Berk. 


“Spores subglobose, composed of minute cells, forming together 
a hollow globe, with one or more lacunz, generally attached 
laterally by a.slender thread, olive.”—Berkeley, 


Synonyms. 


Erysibe subterranea, Wallr. Regens., Bot, Zeit., 1846, p. 119. 

Protomyces tuberum solani. Martius’s Die Kartoffel Epid., 1842, 
p. 28, t. il. figs. 9-13 ; t. iii. figs. 36-38. 

Lubercinia scabies. Berk., Jour. Royal Hort. Soc., 1846, vol. i. 
P. 33, figs. 30, 31; Ann. Mat. Hist., No. 489. Cooke, “ Hdbk.,” 
p. 516; “ Micro, Fungi,” 4th edit., p. 231, t. ili. fig. 54. 


Lxsiccati. 
Cooke, i. 445. 
On potatoes (Solanum tuberosum). 
Iam unacquainted with this species. In my copy of Cooke 
Exs. I can find no spores. 


DOASSANSIA. Cornu. 


Spores in dense masses, surrounded by an investment of sterile 
cells, not pulverulent, germination as in Entyloma. 


Doassansia alismatis. (Nees.) 


Spots rounded, yellowish, crowded with brown dots, on the leaves 
and stems. Spore-balls very numerous, 3 mm. across. Teleu- 
tospores roundish or polygonal, pale brown, smooth, 10-15 
xX 8-10. Promycelial spores abundant, cylindrical. 


Synonym. 
Doassansia alismatis. Cornu, Ann. Sc. Nat. 6th series, vol. 
xv. p. 285, t. 16, figs. 1-4. Trail., Scot, Mat, January, 1884, 
p. 124. Schrot., Zoe. cét., p. 286. 
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On Alisma plantago. 
July to October. 


BIOLOGY.—See p. 92. 


Doassansia sagittarie. (Fckl.) 


Spots yellowish, pustulate, rounded, ‘5-1 cm. across, hypophyl- 
lous. Spore-balls roundish, 50-6op in diameter. Teleutospores 
firmly cohering, angular, pale brown-yellow, smooth, 8-11 in 
diameter. Promycelial spores numerous, cylindrical. 


Synonym. 
Schrot., doc. czt., p. 286. 
Protomyces sagittaria, Fckl. Cooke, “ Micro. Fungi,” 4th 
edit., p. 227. 
Lxsiccatt, 
On Sagittaria sagittifolia. 
May to.September. 


BIOLOGY.—See p. 92. 


THECAPHOREI Schrét. 


Spore-forming hyphz not gelatinized. Teleutospores com- 
pound. Promycelium sometimes branched. Promycelial spores 
produced in concatenate chains from the end of the promycelium. 


Thecaphora. Fingerhuth. 

Spore-balls composed of large teleutospores, firmly adherent, 
convex externally. Promycelium filiform, sometimes with lateral 
branches. 

Thecaphora hyalina. Fing. 

Spore-masses rich chestnut-brown, pulverulent, produced in the 
seeds. Spore-balls irregularly rounded, very variable in size, 
brownish yellow, 50-60 xX 20-504. Teleutospores from two 
to ten in number, firmly cohering, broadly and shortly cunei- 
form internally, internal flat surfaces smooth, external rounded 
surface rough with large rounded tubercles, brown, 15-20 in 

. diameter. 
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Synonyms. 
Schrot., Joc. cit., p. 288. Winter, loc. cz#., p. 105. 
Thecaphora hyalina, Fing., “ Linnea,” vol. x. p. 230. B. and 
Br., Aun. Nat. Hist., No. 1148. Cooke, “ Hdbk.,” p. 515 ; “ Micro. 
Fungi,” 4th edit., p. 231. 


LEixsiccats. 
Cooke, i. 313. Vize, “‘ Micro. Fungi Brit.,” 45. 


On Convolvulus sepium and soldanella. 
September and October. 


BIoLOGY.—See p. 86. 


Thecaphora trailii. Cooke. 


Produced in the florets. Teleutospores purple-brown, globose, 
usually in fours, rarely two or three, compressed on the inner 
face. Epispore finely verrucose, 12-14 in diameter. 


Synonyms. 
Thecaphora trailit. Cooke, “Grevillea,” vol. xi. p. 155. 


Thecaphora cirstt, Boudier, Bull. Soc. Mycol. de France, 1887, 
vol, iii. p. 149, pl. xv. fig. 1. 


On Carduus heterophyllus. Prof. J. W. H. Trail. 
August. 


BIoLoGy.—Pulverulent, having very much the habit of Ustlago 
carduz, but differs in being a true Thecaphora, and in the epispore 
being verrucose and not reticulate. M.C.C. 


SOROSPORIUM. Rudolphi. 


Teleutospores very numerous, small, in large ‘spore-balls, but 
easily separable, produced from intertwining gelatinized hyphe, 
having at first a gelatinous investment. Promycelium filiform. 


Sorosporium saponarie. Rudolphi. 
Produced in the inflorescence, destroying the reproductive organs. 
Spore-masses rusty brown. Spore-balls roundish, composed 
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of numerous loosely connected teleutospores, 5o-100m in 
diameter. Teleutospores roundish, shortly elliptical or poly- 
gonal from mutual pressure, yellowish brown, transparent, 
rough, with minute tubercles and toothed ridges, 12-18 x 
10-12. 
Synonym. 
Sorosporium saponarie@. Rudol., “ Linnea,” vol. iv. p. 116. 
Schrot., doc. cit, p. 288. Winter, loc. cit., p. 104. 


On Dianthus deltoides. Norwich, in gardens. 


BIOLOGY.—See p. 85. 


SUPPLEMENT. 


ALLIED AND ASSOCIATED SPECIES. 


Doubtful Ustilaginei (Graphiola, Entorrhiza, Tuberculina). 
The descriptions of the British species of Protomyces are also 
given, both because they are apt, on cursory examination to be 
confounded with the Entylomata, and also because they have 
been described with them.* 


GRAPHIOLA. Poiteau. 


Mycelium in the tissues of the living plant, forming small con- 
ceptacles, which burst through the cuticle of the plant. Peridia 
roundish, the outer hard, formed by the intertwining of the my- 
celial hyphz, the inner peridium thin, enclosed by the outer, 
filled with hyphe, sterile and spore-bearing. Spore-forming 
hyphe at the base of the conceptacle, yellow, filamentous, 
crowded, becoming septate above into short joints, of which the 
uppermost gradually mature. Spores formed from cells, which are 
given off laterally from the joints, and which become abjointed 


* Professor Marshall Ward considers that the Schinzda leguminosarum of 
Frank, which causes the tubercular swellings on the roots of the Leguminose, 
is allied to the Ustilaginez, but the evidence (Phd/. Trans., 1887, pp. 539-562) 
adduced by him seems hardly to be conclusive. 
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by transverse septa. Spores spherical or elliptical. Between. 
the spore-forming hyphe arise bundles of sterile hyphz, which 
grow up out of the peridium and carry up with them the spores. 
The spores germinate by the development of a filamentous 
mycelium, or by the formation of fusiform sporidia. From the 
investigations of E. Fischer,* it would appear that. this fungus is 
related to the Ustilaginei both. by its.spore-formation and by the 
manner in which its spores germinate. 


Graphiola pheenicis: (Moug.) 


Conceptacles erumpent on the leaves of the host-plant, 1-1°5 mm. 
wide, ‘5mm. high, opening above and allowing the sterile 
hyphe to protrude. Outer peridium black and corneous ; 
inner peridium delicate, colourless. Sterile hyphe yellow, 
protruding 2 mm..or more. Spores ex masse yellow, globose 
or elliptical, 3-6 across. Membrane thick, colourless, smooth.. 


Synonyms. 
Schrot. in Cohn, “ Krypt. Flor.,” vol. iii. p. 289. 
Graphiola phenicis, Moug. Schrot., “Krypt. Flor. Schl.,” 
vol. iii. p. 289. 
Corda, “ Anleitung,” t. C. 26, Nos. 5-8. Cooke, “ Hdbk.,” 
p. 546. 


On the leaves of Phenix dactylifera in greenhouses. 


ENTORRHIZA, C. Weber. 


Mycelium parasitic in the tissues of living plants, producing 
large spores at the ends of lateral branches. Spores simple, 
single or numerous in the cells of the host-plant. Epispore 
thick, germinating by one or more thin germ-tubes, which are 
sometimes slightly branched, and which develop, both at their ° 
ends and lower down, small sickle-shaped promycelial spores + 


* E, Fischer, Bettrag. zur Kenntniss der Gattung Graphiola. Bot. Zeit., 
1883. 

+ C. Weber, Ueber den Pilze der Wurzelanschwellungen von Funcus bufonius. 
Bot, Zeit., 1884. 
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» Entorrhiza cypericola. Magnus. 


In the cells of the periblem of the living root, causing swellings 
from 3mm. thick toro mm. long. Spores elliptical, sometimes 
pointed at the end, 17-20 X 15-174. Epispore thick, yellow 
or brown, rough with large hemispherical or irregular warts. 
Promycelial spores crescentic, whorled and very small (Schrot., 
loc. cit., Pp. 290). 


On the roots of /uncus bufonius and lamprocarpus. ‘The 
Links, Old Aberdeen; Prof. J. W. H. Trail. 
Mr. P. Cameron records it on Juncus uliginosus and squarrosus. 


TUBERCULINA. Sacc. 


Mycelium parasitic on the hyphze and spore-beds of the Ure- 
dineze. Spore-beds flat, formed by erect hyphze, which bear on 
their summits conidia. Conidia spherical, smooth, pulverulent, 
germinating by erect branched promycelia, which bear sickle-shaped 
promycelial spores. Older spore-beds forming sclerotia (Schrot., 
loc. ctt.). 


Tuberculina persicina. Ditm. 


Parasitic upon zecidiospores and uredospores, at first flat, pale violet 
or dirty red, spore-bearing hyphz 30-60 xX 2-34. Conidia 
globose or shortly elliptical, 7-14 wide. Epispore smooth, 
almost colourless, or very pale violet. Sclerotia convex, 
sometimes globose, smooth externally, violet, internally white.* 


Synonyms. 
Schrot., Joc. cé¢., p. 291. 
Tuberculina persicina, Ditm. Schrot., “ Krypt. Flor. Schl.,” 
vol, iii, p. 291. 
Tuberculina vinosa, Sacc. 


On eidium aspertfolit, tussilaginis, Restelia lacerata. 


* C. Gobi, Uber Tubercularia persicina Mém. de P Académie Impériale des 
Sciences de St. Pétersbourg, s, vii., t. xxxii,, 1884. 
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PROTOMYCES. Unger. 


Mycelium intercellular, parasitic in the tissues of living plants. 
Spores formed in the continuity of the mycelial hyphe, inside 
the tissues of the living host-plant, causing indurated swellings 
on the host-plant. Germination by the development of numerous 
minute sporidia inside the resting spores. (Plate VIII. figs. 14-20.) 


Protomyces macrosporus. Unger. 


Tumefactions at first translucent, pale yellow, then white, at 
length brownish, 1-4 mm. long, 2 mm. wide and thick, firm, 
at first closed, then open. Spores irregularly spherical or 
elliptical, 40-80 X 35-60n, Epispore as much as sp thick, 
pale yellow, contents colourless, sporidia cylindrical, 2-2°2 X 1p. 


Synonym, 

Protomyces macrosporus, Unger. Schrot., loc. cit., p. 259. Cooke, 
“ Micro. Fungi,” 4th edit., p. 227. 

On Z£gopodium podagraria, Helosciadium nodiflorum, Heracleum 
Sphondylium, Angelica sylvestris, Anthriscus sylvestris, Ginanthe 
crocata, 

May to October. 


Protomyces rhizobius. Trail. 


Spores in the cortex of the roots in groups of from two to eight, 
spherical, nearly smooth, with very thick walls, pale brown 
or nearly colourless, 30-33 in diameter. 


Synonym. 
Protomyces rhizobius. Trail, Scott, Nat., January, 1884, p. 125. 


On the roots of Poa annua. Old Aberdeen, May, 1883. 


Protomyces pachydermus, Thiim. 


Forming elongate or confluent swellings in the leaf-stalk or mid- 
rib of the leaves. Spores scattered, intercellular, subglobose 
or elliptical, thick-walled. Epispore smooth, pale brown, 
15-20 in diameter. 
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Synonym. 


Protomyces pachydermus. Thiim., “ Hedwigia,” 1874, p. 97. 
Trail, Scott. Nat., July, 1883, p. 33. 


On Zaraxacum officinale. Aberdeen, Prof. J. W. H. Trail. 


Protomyces menyanthis. De Bary. 


Spores aggregated in roundish or confluent patches, immersed 
in the substance of the leaves, purplish on the surface. 
Spores brownish, subglobose. 


Synonym. 


Protomyces menyanthis, De Bary. Cooke, “Micro, Fungi,” 
4th edit., p. 228. 


LExsiccats. 
Vize , “ Micro. Fungi,” 151. 
On the leaves of Menyanthes trifoliata and Comarum palustre. 


BIOLOGY.—This species Professor Trail finds commonly in Aber- 
deenshire, on Menyanthes, but not upon Comarum. 


Protomyces ari. Cooke. 

Spots aggregated in elongated patches, immersed in the substance 
of the leaves and petioles, always covered, globose, simple, 
brown. Endochrome granular. Epispore smooth. 

Synonym. 
Protomyces art, Cooke, “ Micro, Fungi,” 4th edit., p. 227. 


On the leaves and petioles of Arum maculatum. 
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THE BARBERRY LAW OF MASSACHUSETTS. 


Anno Regni Regis Georgii II. Vicesimo Octavo, chap. x. 
(published January 13, 1755) 


An Act to prevent Damage to English Grain arising from Barberry 
Bushes. 


Whereas it has been found by experience, that the Blasting of 
Wheat and other English Grain is often occasioned by Barberry 
Bushes, to the great loss and damage of the inhabitants. of this 
province :— 

Be it therefore enacted by the Governour, Council, and House 
of Representatives, that whoever, whether community or private 
person, hath any Barberry Bushes standing or growing in his or 
their Land, within any of the Towns in this Province, he or they 
shall causé the same to be extirpated or destroyed on or before 
the thirteenth Day of June Anno Domini One Thousand Seven 
Hundred and Sixty. 

Be it further enacted that if there shall be any Barberry Bushes 
standing or growing in any land within this Province, after the 
said roth day of June, it shall be lawful, by Virtue of this Act, for 
any Person whosoever to enter the Lands wherein such Barberry 
Bushes are, first giving one month’s notice of his intention to do 
so to the Owner or Occupant thereof, and to cut them down, or 
pull them up by the root, and then to present a fair account of 
his labour and charge therein to the owner or occupant of the 
said land ; and if such owner or occupant shall neglect or refuse 
by the space of two months next after the presenting said account, 
to make to such person reasonable payment as aforesaid, then the 
person who cut down or pulled up such bushes, may bring the 
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action against such owner or occupant, owners or occupants, 
before any Justice of the Peace, if under forty shillings, or other- 
wise before the Inferior Court of Common Pleas in the County 
where such Bushes grew, who upon proof of the cutting down or 
pulling up of such bushes by the person who brings the action, or 
such as were employed by him, shall and is hereby respectively 
empowered to enter up judgment for him to recover double the 
value of the reasonable expense and labour in such service and 
award execution accordingly. _ 

Be it further enacted that if the lands on which such Barberry 
Bushes grew are common and undivided lands, that then an action 
may be brought as aforesaid, against any one of the proprietors in 
such manner as the Laws of this Province provide, in such cases 
where Proprietors may be sued. 

Be it further enacted, that the Surveyors of the Highways, 
whether public or private, be and hereby are empowered and re- 
quired ex officio to destroy and extirpate all such Barberry Bushes 
as are or shall be in the Highways in their respective Wards or 
Districts, and if any such shall remain after the aforesaid tenth 
Day of June, Anno Domini One Thousand Seven Hundred and 
Sixty, that then the Town or District in which such bushes are 
shall pay a Fine of two shillings for every bush standing or grow- 
ing in such Highway, to be recovered by Bill Plaint, Information, 
or on the Presentment of a Grand Jury, and to be paid one Half 
to the Informer and the other Half to the Treasury of the County 
in which such bushes grew, for the use of the County. 

Be it further enacted, That if any Barberry Bush stand or grow 
in any Stone Wall or other Fence, either pointing on Highway, or 
dividing between one Propriety and another, that an Action may 
be brought as aforesaid against the Owner of the said Fence or 
the Person occupying the Land to which such Fence belongs ; 
and if the Fence in which such Bushes grew is a Divisional Fence 
between the Lands of one Person or Community and another, and 
such fence hath not been divided, by which means the particular 
share of each Person or-Community is not ‘known, then an Action 
may be brought as aforesaid against either of the Owners or 
Occupants of the said Land. 

Be it further enacted, That where the Occupant of any Land 
shall eradicate and destroy any Barberry Bush growing thereon, 


304 British Uredinee and Ustilaginec. 


or in any of the Fences belonging to the same (which such Occu- 
pant is hereby authorized to do, and every action to be brought 
against him for so doing, shall be utterly barred), or shall be 
obliged, pursuant to this Act, to pay for pulling them up or cutting 
them down, that then the owner or proprietor of such Land shall 
pay the said Occupant the full value of his Labour and Cost in 
destroying them himself, or what he is obliged to pay to others 
as aforesaid ; and if such Owner or Owners shall refuse so to do, 
then it shall be lawful for the said Occupant or Occupants to 
withhold so much of the Rents or Income of the said Land as 
shall be sufficient to pay or reimburse his cost and charge arising 
as aforesaid. 

This Act to continue in Force until the Tenth Day of June, 
One Thousand Seven Hundred and Sixty-four. 


From the Province Laws of Massachusetts, 1736-1761, p. 153. 
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Adjoint. A spore is said to be abjointed when it is developed from the 
end of a mycelial hypha or from a cell, from which it is first cut 
off by a septum ; the lower part of the cell is then termed the 
stalk-cell. 

Adstriction, the separation of a spore by the contraction of the spore- 
forming hypha below it without the previous production of a 
septum, as the promycelial spores, Uredine spermatia. 

Acropetal, proceeding in the direction of the apex from below upwards. 

cidiospore, those spores of the Uredinez which arise from the pro- 
mycelium produced by a promycelial spore, in basipetal series. 

cidium, the generic name formerly applied to the zecidiospores. 

Amphigenous, growing on both the upper and lower surfaces of the 
leaves. 

Anastomosing, uniting into a network by cross branches. 

Autecious. ‘Those parasitic fungi which pass the whole of their life- 
cycle upon the same species of host-plant are said to be autoe- 
cious. 


Base, the lower end of a spore, that which is nearest its attachment. 

Basidium, the cell or hypha from the apex of which spores are 
abjointed or abstricted. 

Basipetal, proceeding in the direction of the base from above down- 
wards. 

Bullate, swollen in the form of a blister. 


Capitate, having a head, as when the end of an erect hypha is abruptly 
enlarged in a spherical manner. See Hooded. 

Carpogonium, the female cell, which is fertilized by the pollinodium. 

Circinate, arranged in a circular manner. 

Clavate, club-shaped. 

Concatenate, united in a continuous series, like the links of a chain 
or beads of a necklace. 

Conidiophore, the cell which produces conidia. 

Contdium, an asexual spore. 
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Deciduous, falling off. 
Discrete, separate, distinct, not confluent. 


Echinulate, covered with short sharp spines. 

Elliptical, having the form of an ellipse or oval with the ends rounded. 

Endochrome, the protoplasmic contents of spores or hyphe, usually 
applied to the coloured cell-contents of spores. 

Epiphyllous, growing on the upper surface of the leaves, 

Erumpent, bursting through the surface of the host-plant or matrix. 


Fimbriate, torn into a fringe. 
Foramen, a small hole or perforation. 


Germ-fore, the opening in the walls of a spore through which the 
germ-tube is protruded. 

Germ-tube, the tube emitted from a spore in germination, which may 
become a promycelium or may develop into a mycelium. 

Globose, spherical, the shape of a globe. 

Glomerulus, a small rownd head. 


Hlaustorium, a short lateral branch of a mycelial hypha, which enters 
a cell of the host-plant and acts the part of a sucker. 

Hleterecious. Those parasites which pass one part of their lives upon 
one host-plant, and the other part upon another of a different 
species, are said to be hetercecious. 

fTooded. Those spores which have a much thickened membrane at 
their upper ends are said to be hooded. Sometimes they are 
called capitate. 

fymenium, the base of an zcidial cup formed by those hyphz which 
produce the zecidiospores. : 

Hypha, a branch of mycelium, consisting of an elongated cell. 

fypogenous, Hypophyllous, growing on the lower side of the leaves. 


Intercellular, between the cells of the host-plant. 

Intracellular, inside the cells of the host-plant. 

Isodiametric, having the transverse, longitudinal, and perpendicular 
diameters the same length. 


Laciniate, cut or torn into segments or laciniee. 
Ligulate, tongue-shaped. 
Lumen, the calibre of a tube. 


Mesospore,a unicellular teleutospore occurring in a Puccinia spore-bed; 
a middle spore-form between Uromyces and Puccinia. 
Metacious, the same as hetercecious. 
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Mycelium, the vegetative part of parasitic fungi, which consists of an 
assemblage of hyphe or tubes containing protoplasm. 


Oblong, in the sense employed in the description of the spores of the 
Uredinez, it means an oval body with very blunt ends, or an 
oblong body with rounded angles. 

Obovate, the reverse of ovate, egg-shaped, with the base narrower than 
the apex. 

Ovai, a rounded figure with one diameter longer than the other, like 
an oblique section.of a cylinder ; almost synonymous with elliptical. 

Ovate, Ovoid, the shape of an egg—that is, oval, with the base some- 
what broader than the apex. 


Pafpillate, covered with, or terminating in, a papilla. 

Paraphyses, barren hyphz, which may be filiform and dark-coloured or 
variously swollen and hyaline. 

Parastte,an organism that can exist only upon a living plant or animal, 
from which it takes its food. 

Parenchyma, the cellular tissue of the host-plant. 

Periblem, in the sense used in the text, may be taken to mean that 
part of the root of the host-plant which lies beneath the cortex. 

Peridium, the case or envelope that encloses the spores in some 
groups of fungi. 

Perithecium, the flask-shaped receptacle which encloses the ascigerous 
fructification of the Spheriz, etc. 

Persistent, lasting, not soon falling off. 

Pollino dium, the cell which acts the part of the male organ and ferti- 
lizes the carpogonium. 

Promycelial spore, a spore produced from a promycelium. 

Promycelium, the germ-tube of a teleutospore, which is of limited 
length, and produces a few spores, unlike the teleutospore. 

Protoplasm, the living contents of cells, or hyphz, consisting of 
albumenoid substances. 

Pseudoperidium, the outer investing case of the zecidiospores, composed 
of sterile cells. : 

Pseudospores, the barren spores which invest the fertile spores in 
Urocystis. | The term has been applied by some authors to the 
uredospores and ecidiospores. 

Pulverutent, dusty. 

Pulvinate, cushion-shaped. 

Pyriform, pear-shaped. 


Receptacle, (1) in fungi, the structure which encloses the spores ; (2) in 
flowering plants, that part of the flower-stalk to which the flowers 
are attached. 

Rentform, kidney-shaped. 
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DESCRIPTION OF PLATES. 


Pirate I, 


Fig. 1.—Mycelium of the zcidiospores of Puccinia porri on Allium 
scha:noprasum near the spore-bed, showing the granular protoplasm and nuclei. 
x soo. C. B. P. 

Fig. 2.—Mycelium of the zecidiospores of Puccinia tragopogonis. X 500. 
C. B. P. 

Fig. 3.—Three spermogonia of Zcidium berberidis in different stages of 
development, the two younger show the converging fibres which form their 
necks. These subsequently separate and become paraphyses. x 200. 
Modified from De Bary. ft 

Fig. 4.—Two spermogonia in « more advanced condition, seen in section. 
x 200. De Bary. 

Fig. 5.—Spermatia being abstricted from their hyphe. Xx 200. De Bary. 

Fig. 6.—Three spermatia of cidium berberidis. X 475, and enlarged 
to 1000. C. B. P. 

Fig. 7.—Five spermatia of 2cidium ranunculi repentis, April 29, 1883, 
showing their different forms and somewhat irregular contour in the same 
spermogonium. xX 475, enlarged to 1000. C, B. P. 

Fig. 8.—Three of the same spermatia after being twelve hours in sugar and 
water; they are just beginning to bud. Enlarged to 1000. C. B. P. 

Fig. 9.—The same after forty-eight hours. Enlarged to 1000. C. B. P. 

Fig. 10.—Spermatia of the zcidiospores of Puccinda adox@ from Mr. A. 
Lister's figure. x 710, enlarged to 1000. 

Fig. 11.—Two spermatia of Acidium punctatum in the act of budding, 
May 7, 1883. Enlarged to 1000. C. B. P. 

Fig. 12.—Spermatia of Zcidium bellidis, December, 1883. Enlarged to 
1000, C. B. P. 

Figs. 13-15.—The same germinating in honey and water, after twelve 
hours. Enlarged to 1000. C. B. P. 

Fig. 16.—The same as they appeared on the sixth day. Enlarged to 1000. 
Cc. B. P. 


PuaTE II. 


Fig. 1.—The early stage of cidium crassum, showing the basipetal spore 
series enclosed by the pseudoperidial cells, and covered by the epidermis. 
x 200, De Bary. 
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Fig. 2.—£cidium grossularie at maturity, after rupture of the epidermis 
and pseudoperidial cell-layer. X 150. De Bary. 

Fig. 3.—Four zxcidiospores of Puccinia poarum (Acidium tussilaginis), 
x 475. C. BLP. 

Fig. 4.—One of the same beginning to germinate and showing its germ- 
pores, five of which are visible, the sixth being on the opposite side of the 
spore. xX 475. C. B. P. 

Fig. 5 —Aicidiospore of Phragmidium -rubi in the same condition, and 
showing five germ-pores. X 475. C. B.P. : 

Fig. 6.—/Ecidiospore of Puccinia poarum twelve hours after germination, 
showing the circumnutation of the germ-tube, and the migration of the endo- 
chrome to its growing end. x 475. C. B. P. 

Fig. 7.—cidiospore of Gymnosporangium clavarieforme (Restelia lacerata), 
with six germ-pores, from one of which a comparatively short germ-tube has 
been protruded, which has become branched and full of endochrome from the 
spore, at its peripheral extremity. x 475. C. B. P. 

Fig. 8.—A basipetal series of zcidiospores of Chrysomyxa rhododendri 
showing the alternate abortive cells. 600. De Bary. 

Fig 9.—Ecidiospore-chain of Restelia cancellata, showing the undeveloped 
mother-cells between the spores.. X 300. De Bary. 

Fig. 10.—-Aecidiospores of Puccinia poarum (Aicidium tussilaginis) ger- 
minating upon the cuticle of Poa ¢tr7vialis, and entering the stomata. X 475. 
C. B. P. 

Fig. 11.—Part of a leaf of Vinca major, with the spermogonia and ecidia 
of Puccinia vince, X 2. C.B. P. 

Fig. 12.—Section of the same leaf, showing two of the pulvinate secidia. 
x 10, C.B. P. 

Fig. 13-—Section of a small eecidium. X 475. C.B. P. 

Fig. 14.—Two ecidiospores germinating. x 500, C, B. P. 


PLATE III. 


Fig. 1.—Sorus of the uredospores of Afelampsora farinosa, showing the 


paraphyses. x 200. De Bary. 
Figs. 2-4.—Uredospores of the same in different stages of development. 


* 300. De Bary. 

Fig. 5.—Uredospores and mycelium of Puccinia suaveolens treated with 
caustic potash, showing the development of the spores. x 300. De Bary. 

Figs. 6-8.—Development of the teleutospores of Uromiyces faba. X 300. 
De Bary. 

Fig. 9.—Uredospore of Puccinia graminis. Xx 475. C. B. P. 

Fig. 10.—Two uredospores of the same in the initial stage of germination, 
showing two germ-pores. x 475. C. B. P. 

Fig. 11.—Uredospore of the same after five hours and forty minutes’ 
immersion in water; it has emitted a germ-tube fromeach germ-pore. x 475. 
Cc. B. P. 

Fig, 12.—The same after twenty-three hours. One germ-tube has ceased 
to grow and is, like the spore, empty; the other, which is empty and septate 
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below, contains all the orange endochrome, and, having grown to a considerable 
-length, has taken three circumnutatory turns. x 475. C. B. P, 

Fig. 13.—Another uredospore of the same, which, after twenty-six hours, 
has become branched as well as having made several circumnutatory move- 
ments. X 475. C. B. P. 

Fig. 14.—Abnormal germination of one of the same uredospores (after 
ninety hours), in which a spore of reserve has been produced at the upper end 
of the germ-tube. x 475. C. B. P. 

Fig. 15.—The germ-tubes of two uredospores of Puccinda graminis enter- 
ing the stomata of a wheat plant. x 475. C.B. P. 

Fig. 16.—Two hyaline paraphyses of the uredospores of Melampsora epttea. 
x 200, C. B, P. 

Fig. 17.-Two capitate hyaline paraphyses of the uredospores of Puccinia 
anthoxanthi, x 200. C. B. P. 

Figs. 18-21.—Development of a teleutospore of Puccinia graminis. X 200. 
De Bary. 

Fig. 22.—Teleutospore of Gymmnosporangium clavariaforme germinating. 
It has protruded two promycelia, one from each segment near the septum. 
The endochrome is passing from the spore into the promycelia, leaving the 
apex of the spores empty. X 475. C.B. P. 

Fig. 23.—The same further advanced. x 475. C. B. P. 

Fig. 24.—Four promycelial spores of the same, three of which have 
germinated, and one has formed a spore of reserve. x 475. C.B. P. 


Puiate IV. 


Fig. 1.—Promycelial spores of Puccinia phalaridis piercing by their germ- 
tubes the epidermal cells of Arum maculatum. X 475. C. B. P. 

Fig. 2.—Teleutospore of Uromyces fabe germinating. Xx 200. C. B.D. 

Fig. 3.—Teleutospore of Puccinda coronata germinating from both cells ; 
both germ-canals are placed laterally. x 250. C. B. P. 

Fig. 4.—Teleutospore of Puccinia arundinacea germinating. x 250. 
C. B, P. 

Fig. 5.--Teleutospore of Phraguidium rubi, three cells of which have 
germinated. x 300. C. B. P. 

Fig. 6.—Teleutospore of Zriphragmium ulmari@ germinating. X 475. 
c. B. P. 

Fig. 7.~Teleutospore of Endophyllum euphorbie germinating ; two of the 
promygefial spores have already emitted germ-tubes while still attached to the 
P celium. xX 475. C. B. P. 

Fig. 8.—Three teleutospores of Melampsora betulina, two of which have 
germinated and are emptied of their endochrome. x 475. C. B. P. 

Fig. 9.—Three teleutospores of Coleosporium senectonis, the upper compart- 
ments of two of which have germinated and produced single promycelial 
spores. x 300. C. B. P. : 

Fig. 10.-——Germination of Chrysomyxa rhododendri. After De Bary. 

Fig. 11.—Gymnosporangium sabing, thin-walled teleutospore germinating 
{12 hours) ; two germ-tubes have been emitted from each segment of the spore. 
x 200, C. BP, 
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Fig. 12,—A thick-walled teleutospore of the same. X 200. C. B. P. 

Fig. 13.—Gymmnosporangium confusum thick-walled teleutospore germi- 
nating. xX 200. C, B. P. 

Fig. 14.—Thin-walled teleutospore of the same, germination rather further 
advanced. xX 200. C. B. P. 

Figs. 15-17.—Three teleutospores of Puccinia amorphe, showing the 
gelatinous investment. x 400. C. B. P. 


PLATE V. 


Fig. 1.—Mycelial hypha of Ust¢lago segetum from the base of the stem of 
Avena elatior. xX 500. C. B. P. 

Fig. 2.—Mycelial hypha from the rachis of the same plant. x 500. 
Cc. B. P. 

Fig. 3.—Mycelial hypha of U. Jongissima, the extremity of which has 
become gelatinized. x 500. C. B. P. 

Fig. 4.—Two gelatinized hyphze of the same, one of which (a) has become 
nodose, and in it spore-formation has begun (from Glyceria aquatica). X 500. 
Cc. B. P. 

Fig. 5.—Gelatinized hypha of U. segetwm from Avena elatior. xX 500. 
C. BP. 

Fig. 6.—Mycelial hypha of Sorosporium saponaria, which, after piercing a 
cell-wall, has become suddenly changed into a spore-forming hypha. x 600. 
Von Waldheim. : 

Fig. 7.—Gelatinized hypha of U. maydzs, showing the contents breaking up 
for spore-formation, x 900. Von Waldheim. 

Fig. 8.—A number of coalesced gelatinized hyphz of U. violacea in which 
spore-formation is taking place, and the contour of the spores is distinctly 
observable. x goo. Von Waldheim. 

. Fig. 9.—A gelatinized hypha of S. sapfonarie, which is coiled upon itself 
preparatory to the formation of a spore-ball. x 500, Von Waldheim. 

Fig. 10.—A young spore-ball of .S. saponaria, with the commencement of 
four spores seen in section, surrounded by the coalesced gelatinized hyphe. 
Treated with iodine. x 500. Von Waldheim. 

Fig. 11.—A larger spore-ball seen before the coalescence of the hyphe. 
x 300. Von Waldheim. 

Fig. 12, —Two spores from the interior of a spore-ball still attached to their « 
spore-forming hypha. ™ 800. Von Waldheim. 

Fig. 13.—The terminal branches of a spore-forming hypha of Uvocystis 
colchici becoming curved inwards.  X 1000? Winter. 

Fig. 14.—The same more advanced ; the external branches from which the 
pseudospores are developed are embracing the young spore-ball. x 1000? 
Winter. 

Fig. 15.—Another view of the same. x 1000? Winter. 


PLATE VI. 


Fig. 1.—Two mycelial hyphe of Zudercinia trientalis with botryform 
haustoria. X 520. Woronin. 
Fig. 2.—The = mary mycelium of Uvocystis occulta growing across the 
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interspace between the inner surface of the primary embryonic sheath and 
the outer surface of the embryo of a rye plant. x 375. Wolff. 

Fig. 3.—Promycelial spore of 77/etia /evis entering the primary sheath 
of a wheat plant and invaginating a sheath of cellulose. x 600. Wolff. 

Fig. 4.—Spore-forming hypha of 77Uetia tritict from wheat, showing the 
budding of the spores; from an ovary 1 mm, long. x 900. Von Waldheim. 

Fig. 5.—The extremity of a spore-forming hypha of the same, showing 
two spores in different degrees of development. x 500. Von Waldheim. 

Fig. 6.—Transparent single-contoured spore of the same, with shrivelled 
remains of the spore-forming hypha. x 500. Von Waldheim. 

Fig. 7.—Teleutospore of 7. ¢ritic’ germinating after forty-eight hours in 
water. x 500. C. B. P. 

Fig. 8.—The same more advanced, showing the H-shaped spores (primary 
promycelial spores conjugated), two of which have already fallen away from 
the promycelium. x 300. C. B. P. 

Figs. 9, 10.—Primary promycelial spores conjugated, empty, and septate, 
each pair of which has produced a secondary promycelial spore. x ‘300. C. 
B. P. 

Fig. 11.—Two secondary promycelial spores conjugating. x 350. C. 
B. P. 

Fig. 12.—The samea little later. A germ-tube has been given off from one 
of the spores. x 350. C. B, P. 

Fig. 13.—A single unconjugated secondary promycelial spore giving off a 
germ-tube. x 350. C. B. P. 

Fig. 14.——Mycelium from a single primary promycelial spore in nahrlosung 
producing conidia. x 100. Reduced from Brefeld. 

Fig. 15.—A small portion of the same more highly magnified. x 357. 
After Brefeld. 


Puate VII. 


Fig. 1.—Ustilago segetum. Teleutospore germinating in water after sixteen 
and ahalfhours. x 500. C. B. P. 

Fig. 2,—The same, with a secondary promycelial spore produced from a 
primary while still attached to the promycelium. x 500. C. B. P. 

Fig. 3.—A promycelium of the same forming a buckle joint. x 500. 
C. B. P. 

Fig. 4.—A promycelium of the same forming a bow joint. x 500. After 
Brefeld. 

Fig. 5.—Two promycelia conjugating. x 500. C. B. P. 

Fig. 6.—A promycelium growing out into a germ-tube. x 500, After 
Wolff. 

Fig. 7.—Two promycelia given off from one teleutospore. x 500. C.B. P. 

Fig. 8.—Yeast-spores produced from a promycelium in nahrlosung (three 
days). x 500. C. BP. 

Fig. 9.—A promycelium with a buckle joint and secondary promycelial 
spores in exhausted nahrldsung (twelve days). x 500. C. B. P. 

Fig. 10.—A_ yeast-spore colony, produced from a single teleutospore. 
x 500. Brefeld. 

Fig. 11.—Promycelial spores conjugating. x 500. C. B. P. 

Y 
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Fig. 12.—Promycelial spore emitting a germ-tube. x 500. C. B. P. 

Fig. 13.—Promycelial spore producing a secondary promycelial spore in 
water. xX 500, C. B. P. 

Fig. 14.—Ustilago longissima. Teleutospore just beginning to germinate. 
x 500. C. B. P. 

Fig. 15.—The same a little later, showing the septation of the promycelium 
and the separation of the promycelial spore. x 500. C. B. P. 

Fig. 16.—The same after two promycelial spores have been thrown off, and 
a third is almost ready to be so. xX 500. C. B. P. 

Fig. 17.—Ustilago kiihneana. Teleutospore germinated, showing the promy- 
celial spores in whorls on the promycelium. x 350. Brefeld. 

Fig. 18.—Ust¢lago scabiose on Scabiosa arvensis, twelve hours after germi- 
nation in water (September 1, 1884). x 500. C. B. P. 

Fig. 19.—Ustilago major on Silene otttes, gathered near Paris, October, 
1887 ; germinated at the beginning of November. Twenty hours in water, 
showing the promycelium, which has nearly attained its full development. 
x 500. C. B. P. 

Fig. 20.—The same at twenty-four hours, having become septate. X 500. 
Cc. B. P. 

Fig. 21.—Teleutospore with promycelium still attached (thirty-six hours), 
which has produced a promycelial spore at its apex. This is quite an excep- 
tional circumstance with this species. x 500. C. B. P. 

Fig. 22.—Three promycelia which have fallen off the teleutospores (twenty 
four hours). xX 500. C. B. P. 

Figs. 23-25.—Three promycelia which have produced promycelial spores 
both terminally and laterally, after having fallen away from the teleutospores 
(forty-eight hours). x 500. C. B. P. 

Fig. 26, 27.—Spore-balls of Urocystis primulicola, germinating (August 31, 
1884) after forty-eight hoursin water. They have emitted promycelia, probably 
from the central spores—but on this point I was unable to satisfy myself, which 
have given origin to promycelial spores, one of which (Fig. 27) has produced a 
secondary promycelial spore. x 475. C. B. P. 

Fig. 28.—Two promycelial spores conjugating, after fifty hours in water. 
x 500. C. B. P. 

Fig. 29.—Two promycelial spores which have become vacuolate and 
septate, after two hundred and sixty-four hours in water. x 500. C. B. P. 

Fig. 30.—Promycelial’ spore emitting a germ-tube, after one hundred and 
sixty-eight hours in water. x 500. C. B, P. 

Fig. 31.—Uvocystis anemones. Teleutospore germinating in water, Novem- 
ber 25, 1884. x 475. C.B.P. 

Fig. 32,—Two promycelial spores of the same conjugating. Xx 500. 
C. B. P. 

Fig. 33.—Two promycelial spores of the same which have become vacuo- 
late and septate. x 500. C. B. P. 

Fig. 34.—Spore-ball of Urocystis fischeri, one teleutospore of which has 
germinated. x 500. C.B. P. 

Fig. 35.—Three promycelial spores of the same. x 500. C. BP. 
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PLATE VIII. 


Fig. 1.— Zubercinia trientalis conidiophores growing outwards between the 
epidermal cells and producing conidia. x 320. Woronin. 

Fig. 2.—Two conidia of the same germinating. x 320. Woronin. 

Fig. 3.—Conidium of the same forcing its germ-tube between two epidermal 
cells of the host-plant. x 520. Woronin. 

Fig. 4.—Doassansia alismatis. Section of a leaf of Alisma plantago, show- 
ing a receptacle of D. alismatis. x 20. After Cornu. 

Fig. 5.—Teleutospore of the same germinating, showing the septum in the 
promycelium, and apical cluster of promycelial spores. Xx 500. Cornu. 

Fig. 6.—Graphiola phenicis. Three spores germinating, @ has just emitted 
its germ-tube ; in 4 and ¢ the germ-tubes have become promycelia, and are each 
producing a single promycelial spore. x 600. Fischer. 

Fig. 7,—Promycelial spore of the above which has from one end emitted a 
germ-tube, and has become septate and empty. x 600. Fischer. 

Fig. 8.—Spore of the same which has produced a well-developed germ- 
tube. x 600. Fischer. 

Fig. 9.—Tuberculina persicina. Ripe spore just beginning to germinate in a 
weak saccharine solution. x 420. Gobi. 

Fig. 10.—The same further advanced, and developing a promycelial spore 
at its distal extremity. x 420. Gobi. 

Fig. 11.—Apex of promycelium just before the promycelial spore is 
abstricted. x 420. Gobi. ; 

Fig. 12.—The extremity of a branched mycelial hypha producing spores 
from the surface of ripe sclerotium. x 420. Gobi. 

Fig. 13.—Three promycelial spores of various sizes. X 420, Gobi. 

Fig. 14.—Protomyces macrosporus. Mycelial hypha with intercalated spore. 
x 7oo. De Bary. 

Fig. 15-18.—The same in various stages of maturity and germination. 
x 200. De Bary. 

Fig. 19.—The escaped spores. x 200. De Bary. 

Fig. 20.—The same conjugating. x 300. De Bary. 
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Abies amabilis, 271 
cephalonica, 271 
nordmanniana, 271 
pectinata, 271 

Achillea millefolium, 216 

Adiantum capillus-veneris, 256 

Adoxa moschatellina, 153, 208 

fEgopodium podagraria, 202 

ARthusa cynapium, 184 

Agrimonia eupatoria, 255 

Agrostis alba, 163 

Aira cespitosa, 192 

Alchemilla vulgaris, 137 

Allium cepa, 148 
oleraceum, 261 
scheenoprasum, 148 
ursinum, 166, 261 
vineale, 261 

Alopecurus pratensis, 163, 180 

Althzea rosea, 212 

Anchusa arvensis, 168 

Anemone coronaria, 269 
nemorosa, 205, 269 
ranunculoides, 269 

Anthoxanthum odoratum, 194 

Anthriscus sylvestris, 156 

Anthyllis vulneraria, 135 

Apium graveolens, 156 

Aquilegia vulgaris, 263 

Arctium lappa, 185 

Armeria vulgaris, 123 

Artemisia absinthium, 189 
maritima, 189 


UREDINE#. 


Arum maculatum, 166 
triphyllum, 266 
Asarum europzum, 203 
Asparagus officinalis, 144 
Asperula odorata, 144 
Aster tripolium, 182, 215 


Avena elatior, 163, 164, 168, 181 


sativa, 163, 164, 168 


Barbarea preecox, 265 
Bartsia odontites, 252 
Bellis perennis, 175 
Berberis vulgaris, 163 
Beta maritima, 127 
vulgaris, 127 © 
Betonica officinalis, 200 
Bet 
Blechnum spicant, 256 - 
Brachypodium pinnatum, 192 
sylvaticum, 192 
Bromus mollis, 168 
Bunium flexuosum, 206, 270 
Bupleurum tenuissimum, 154. 
Buxus sempervirens, 217 


Cacalia hastata, 251 
Calamintha clinopodium, 158 
Caltha palustris, 146 
Campanula rapunculus, 200 
rotundifolia, 200, 252 
trachelium, 252 
Carduus arvensis, 183 
crispus, 185, 216 
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Carduus heterophyllus, 204 
lanceolatus, 185, 216 
palustris, 173, 185 

Carex arenaria, 171, 172 
binervis, 170 
brizoides, 172 
davalliana, 173 
dioica, 173 
divulsa, 172 
ericetorum, 172 
extensa, 182 
flava, 172 
fulva, 174 
hirta, 170 
leporina, 172 
pallescens, 172 
paludosa, 170 
panicea, 172, 174 
pilulifera, 172 
preecox, 172 
remota, 172 
rigida, 172 
riparia, 170 
stricta, 174 
vulgaris, 174 

Carlina vulgaris, 185 

Centaurea cyanus, 183 
nigra, 171, 186 

Cerastium arvense, 248 

Chrysosplenium alternifolium, 211 
oppositifolium, 211 

Cichorium intybus, 185 

Circzea intermedia, 245 
lutetiana, 214, 245 

Clematis vitalba, 265 

Conium maculatum, 184 

Conopodium denudatum, 206, 270 

Convallaria majalis, 265 

Convolvulus sepium, 146 

Cotyledon umbilicus, 205 

Crataegus oxyacantha, 232, 234 

Crepis paludosa, 150 
virens, 185 

Cystopteris fragilis, 256 


Dactylis glomerata, 130, 163, 164 
Dianthus barbatus, 210 


Echium vulgare, 168 


Empetrum nigrum, 253 
Epilobium augustifolium, 245 


hirsutum, 152 
montanum, 152 
palustre, 202, 245 
tetragonum, 152 


Ervum hirsutum, 140 
Euonymus europzus, 260 
Euphorbia amygdaloides, 229 


cyparissias, 133 
exigua, 237, 270 
helioscopia, 237 
peplus, 237 
sp. (?), 134 


Euphrasia officinalis, 252 


Faba vulgaris, 120 
Festuca gigantea, 163 


sylvatica, 164 


Gagea lutea, 142 
Galium aparine, 144 


cruciata, 144, 212 
mollugo, 144 
palustre, 144 
saxatile, 212 
uliginosum, 144 
verum, 144 


Gentiana acaulis, 147 
Geranium dissectum, 126 


molle, 126 
pratense, 126 
sylvaticum, 126 


Glaux maritima, 268 
Glechoma hederacea, 286 


. Heracleum sphondylium, 156 
Hieracium boreale, 185 


corymbosum, 185 
murorum, 185 
pilosella, 185 
vulgatum, 185 


Holcus lanatus, 168 


mollis, 164, 168 


Hordeum vulgare, 168 
Hydrocotyle vulgaris, 195 
Hypericum androsemum, 243 


perforatum, 243 
pulchrum, 243 
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Impatiens noli-me-tangere, 194 

Inula dysenterica, 133 

-Iris caucasica, 257 
decora, 257 
ensata, 257 
filifolia, 257 
flavissima, 257 
foetidissima, 190 
iberica, 257 
kingii, 257 
pseudacorus, 190 
pumila, 257 
spuria, 257 
tolmieana, 257 


Juncus obtusiflorus, 133 
Juniperus communis, 234, 235 
sabina, 231, 232 


Keeleria cristata, 203 


Lactuca muralis, 149 
Lapsana communis, 150 
Lathyrus macrorrhizus, 121 
pratensis, 120 
Linum catharticum, 237 
Listera ovata, 262 
Lolium perenne, 164 
Lonicera periclymenum, 264 
Luzula campestris, 175, 191 
maxima, 191 
pilosa, 191 
Lychnis diurna, 197 


Mahonia ilicifolia, 163 
Malva moschata, 212 
rotundifolia, 212 
sylvestris, 212 
Melampyrum arvense, 252 
Mentha arvensis, 158 
hirsuta, 158 
rotundifolia, 158 
sylvestris, 158 
viridis, 158 
Mercurialis perennis, 261 
Mespilus germanica, 232 
grandifolia, 232 
Meehringia trinervia, 210 
Molinia coerulea, 179 


Myrrhis odorata, 156 


Orchis latifolia, 179, 262 
maculata, 262 

Origanum vulgare, 158 

Orobus tuberosus, 121 

Ornithogalum umbellatum, 197 

Oxyria reniformis, 195 


Parnassia palustris, 129 
Pedicularis palustris, 174 
Petasites officinalis, 251 
Petroselinum sativum, 184 
Phalaris arundinacea, 166 
Phaseolus vulgaris, 121 
Phillyrea media, 258, 268 
Phragmites communis, 176-178 
Pimpinella saxifraga, 156 
Pinus abies, 267 
austriaca, 249 
larix, 262 
picea, 271 
sylvestris, 249 
Pisum sativum, 120, 133 
Plantago lanceolata, 259 
Poa annua, 132, 169 
nemoralis, 169 
pratensis, 132, 169 
trivialis, 132, 169 
Pceonia officinalis, 254 
Polygonum amphibium, 188 
aviculare, 142 
convolvulus, 188 
lapathifolium, 188 
viviparum, 192 
Polypodium dryopteris, 256 
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Savoury Sandwiches, Cooling Drinks, &c. Fep. 8vo. 15. 6¢., or Is. sewed. 

FLINN (D. Edgar)—IRELAND : its Health Resorts and Watering-Places. 
With Frontispiece and Maps. Demy 8vo. §s. 

FORBES (Bishop)—A Memoir, by the Rev. DonaLp J. Mackey. 
Portrait and Map. Crown 8vo. 75. 6d. 

FORDYCE (John)—Tut New Soctat Orper. Crown 8vo. 35. 62. 


FOTHERINGHAM ( James\—StuviEs IN THE PoETRY oF ROBERT 
BROWNING. Crown 8vo, 65. 7 

FRANKLIN (Benjamin)—As A Man or LETTERS. By J. B. McMaster. 
Crown 8vo. 55. 

From WoRLD To CLOISTER ; or, My Novitiate. By BERNARD. Crown 
*8vo. 55. 

GARDINER (Samuel R.) and J. BASS MULLINGER, M.A.— 
INTRODUCTION TO THE STUDY OF ENGLISH History Second Edition. 
Large crown 8vo. 9s. 

GEORGE (Henry)—PROGRESS AND Poverty: an Inquiry into the 
Causes of Industrial Depressions, and of Increase of Want with Increase of 
Wealth. The Remedy. Library Edition. Post 8vo. 7s. 6d. Cabinet Edi- 
tion, crown 8vo. 25. 6d. 


SoctaL PRoBLEMS. Crown 8vo. 55. 
PROTECTION, OR FREE Trape. An Examination of the Tariff 
Question, with especial regard to the Interests of Labour. Second Edition. 
Crown 8vo. 55. 
*,* Also Cheap Editions of each of the above, limp cloth, 1s. 6d. ; paper covers, 15. 
GILBERT (Mrs.)—AvtToBioGRAPHy, and other Memorials, Edited by 
Jos1aH GILBERT. Fifth Edition, Crown 8vo. 75. 6a. 


GILLMORE (Col. Parker)—Davys anD NIGHTS BY THE DESERT. With 
numerous Illustrations. Demy 8vo. ros, 6d, 
GLANVILLE (Joseph)—Scersis SciENTIFICA ; or, Confest Ignorance, th 
Way to Science ; in an Essay of the Vanity of Dogmatising and Confiden 
‘Opinion. Edited, with Introductory Essay, by JOHN OwEN. Elzevir 8vo, 
printed on hand-made paper, 6s. 


GLASS (Henry Alex.)\—THE STORY OF THE PsatTers. Crown 8vo. 55. 


GLOossaRY OF TERMS AND Purases. Edited by the Rev. H. PERcy SmiTH 
and others, Medium 8vo, 75. 6d. , 


GLOVER (f.) M.A—Exempta Latina. A First Construing Book, with 
Short Notes, Lexicon, and an Introduction to the Analysis of Sentences. Second 
Edition. Fep. 8vo. 2s, 

GOODENOUGEH (Commodore J. G.\—MEeEmotr oF, with Extracts from 
his Letters and Journals. Edited by his Widow. With Steel Engraved 
Portrait. Third Edition. Crown 8vo. 55. 
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GORDON (Major-Gen. C. G.)\—His Journats at Karroum. Printed 
from the Original MS. With Introduction and Notes by A EGMONT HAKE. 
Portrait, 2 Maps, and 30 Illustrations. 2 vols. ‘Demy 8vo. 21s. Also a 
Cheap Edition in 1 vol., 6s. 

Gorpon’s (GENERAL) Last JournaL, A Facsimile of the last 
Journal received in England from General Gordon. Reproduced by Photo- 
lithography. Imperial 4to. £3. 35. 

EVENTs IN HIS Lire. From the Day of his Birth to the Day of his 
va By Sir H. W. Gorpon. With Maps and Illustrations, Demy 8vo. 
7s. 6d. 


GOSSE (Edmund) — SevENTEENTH CENTURY Srupies. A Contri- 
bution to the History of English Poetry. Demy 8vo. 10s. 6d. 


GOULD (kev. S. Baring) M_A.—GERMANY, PRESENT AND Past. New 
and Cheaper Edition. Large crown 8vo. 75. 6d. 


THE Vicar oF Morwenstow: a Life of Robert Stephen Hawker, 
M.A. New and Cheaper Edition. Crown 8vo. 55. 


GOWAN (Major Walter EF.) — A. Ivanorr’s RusstAN GRAMMAR. 
(16th Edition). Translated, enlarged, and arranged for use of Students of the 
Russian Language. Demy 8vo. 6s. 


GOWER (Lord Ronald)—My Reminiscences. Limp Parchment, An- 
tique, with Etched Portrait, ros. 6d. 
Bric-A-Brac. Being some Photoprints illustrating Art objects at 
Gower Lodge, Windsor. Super royal 8vo. 15s. ; Persian leather, 215. 
Last Days or Mary ANToINeTTe. An Historical Sketch. With 
Portrait and Facsimiles. Fep. 4to. 10s. 6d. 
Notes oF A TOUR FROM BRINDISI TO YOKOHAMA, 1883-1884. Fep. 
8vo. 25. 6d. 
GRAHAM (William) M_A.—Tue CREED oF ScIENCE, Religious, Moral, 
and Social. Second Edition, revised. Crown 8vo. 6s. 


THE SocIAL PROBLEM IN ITS Economic, MoRaL, AND POLITICAL 
ASPECTS. Demy 8vo. 145, 


GRIMLEY (kev. H. N.) M_A.—Tremapoc SERMONS, CHIEFLY ON THE 
SPIRITUAL BoDY, THE UNSEEN WoRLD, AND THE DIVINE HUMANITY. 
. Fourth Edition. Crown 8vo. 6s. 


Tue TEMPLE oF Humanity, and other Sermons. Crown 8vo. 6s. 
GURNEY (£dmund)—Tertium Quip: Chapters on various Disputed 


Questions. 2 vols, Crown 8vo, 125. 


HADDON (Caroline)—Tue Larcrer Lire, Stupies in HInton’s 
EtTHIcs. Crown 8vo, 5s. 

HAECKEL (Prof. Ernst)—Tue History oF Creation. — Translation 
revised by Professor E. Ray LANKESTER, M.A., F.R.S. With Coloured Plates 
and Genealogical Trees of the various groups of both plants and animals. 
2vols. Third Edition, Post 8vo. 325. 

Tue History oF THE EVOLUTION OF Man. With numerous Ilustra- 
tions. 2 vols. Post 8vo. 325. 
A Visit To CEyLon. Post 8vo. 75. 6d, 


FREEDOM IN SCIENCE AND TEACHING. With a Prefatory Note by 
T. H. Hux.ey, F.R.S. Crown 8vo, 55. 
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HALCOMBE (J. j.\—GosreL DIFFICULTIES DUE TO A DISPLACED 


SECTION OF ST. LuKE. Second Edition. Crown 8vo. 6s. 


Hamitton, Memoirs or ARTHUR, B.A., of Trinity College, Cambridge. 
Crown 8vo. 6s, 


Hanpgpook or Home Ruts, being Articles on the Irish Question by 
Various Writers. Edited by Jamzs Brycz, M.P. Second Edition. Crown 
8vo. 1s, sewed, or 15. 6d. cloth, 


HART (Rev. J. W. T.\—AvtosiocRaPuy oF Jupas Iscariot. A Char- 
acter-Study. Crown 8vo. 3s. 6d. 


HAWETIS (Rev. H. R.) M.A.—CurreEnT Coin. Materialism—-The 
Devil — Crime —- Drunkenness — Pauperism — Emotion — Recreation — The 
Sabbath, Fifth Edition, Crown 8vo. 5s. 
ARROWS IN THE AIR. Fifth Edition. Crown 8vo. 5s. 
SPEECH IN SEASON. Fifth Edition. Crown 8vo. 5s. 
THOUGHTS FOR THE Timzs. Fourteenth Edition. Crown 8vo. 55. 
UNSECTARIAN FAMILY Prayers. New Edition. Fcp. 8vo. 1s. 6d. 


| HAWTHORNE (Nathaniel)—Worxs. Complete in 12 vols. Large 
post 8vo. each vol. 75. 6d.: , 
Vou. I. Twiczt-ToLtp TALEs, 
II. Mosszs FRoM AN OLD MANSE, 
III]. THz House oF THE SEVEN GABLES, and THE SNow ImaGE. 
IV. THE WONDER Book, TANGLEWOOD TALES, and GRANDFATHER’s CHAIR. 
V. THE SCARLET LETTER, and THE BLITHEDALE ROMANCE. 
VI. THe Marsie Faun. (Transformation.) 
VIL & VIII. Our Otp Hog, and EnciisH Nots-Booxs, 
IX. AMERICAN Nots-Books. 
X. FRENCH AND ITALIAN NoTE-Booxs, 
XI. SEPTIMIUS FELTON, THE DOoLLIVER ROMANCE, FANSHAWE, and, 
in an appendix, THE ANCESTRAL FOorTsTEP. 
XII. TALES AND EssAYsS, AND OTHER PAPERS, WITH A BIOGRAPHICAL 
SKETCH OF HAWTHORNE. 


HEATH (francis. George)—AvuTuMNAL Leaves. Third and Cheaper 


Edition. Large crown 8vo. 6s, 
SyLVAN WINTER. With 70 Illustrations. Large crown 8vo. 145. 


HEGELZ—TuHE INTRODUCTION TO HEGEL’s PHILOSOPHY OF FINE ART. 
Translated from the German, with Notes and Prefatory Essay, by BERNARD 
BosaNQuET, M.A. Crown 8vo. 55. 


HEIDENHAIN (Rudolbh) M.D.—YyPnotism ; or Animal Magnetism. 
With Preface by G. J. Romangs, F.R.S. Second Edition, Small crown 
8vo. 25. 62, 2 


HENNESSY (Sir John Fope)—RaveGH IN IRELAND, WITH HIS LETTERS 
on IrisH AFFAIRS AND SOME CONTEMPORARY DOCUMENTS. Large crown 
8vo. printed on hand-made paper, parchment, Ios, 6. 


HENRY (Philip)—Diaries AND LETTERS. Edited by MattHew Henry 
Lee, M.A, Large crown 8vo. 75. 6d. 
HINTON ( /.)—Tue Mystery or Pain. New Edition. Fep. 8vo. rs. 


Lire AND Letters. With an Introduction by Sir W. W. Gutt, 
Bart., and Portrait engraved on Steel by C. H. JEENS, Fifth Edition, 
Crown 8vo, 85. 6d. 
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HINTON (F.)—continued. 


PHILOSOPHY AND ReEticion. Selections from the MSS. of the late 
hae Hinton, Edited by CAROLINE Happon, Second Edition. Crown 
VO. 55. 


THE Law BREAKER AND THE CoMING OF THE Law. Edited by 

MARGARET HINTON. Crown 8vo. 6s. 
HOOPER (Mary)—Li1tte Dinners; How To SERVE THEM WITH 

ELEGANCE AND Economy. Twentieth Edition. Crown 8vo, 2s. 6a. 

CooOKERY FOR INvatips, Persons or DELICATE DIGESTION, AND 
CHILDREN. Fifth Edition. Crown 8vo. 2s. 6d. 

Every-Day Meats. Being Economical and Wholesome Recipes 
for Breakfast, Luncheon, and Supper. Seventh Edition. Crown 8vo. 25. 64. 


HOPKINS (Ellice)—Work amoncst Worxinc Men. Fifth Edition. 
Crown 8vo. 3s. 6d. 


HORNADAY (W. T.)—Two Years 1n A JUNGLE. With Illustrations. 
Demy 8vo. 21s. 

HOSPITALIER (£.)—Tue Moprern APppLicaTions OF ELECTRICITY. 
Translated and Enlarged by JuLius Mazgzr, Ph.D. 2 vols. Second Edition, 


revised, with many additions’and numerous Illustrations, Demy 8vo. 125. 6d. 
each volume. 


VoL. I.—Electric Generators, Electric Light. 

II.—Telephone: Various Applications : Electrical Transmission of Energy. 

HOWARD (Robert) M.A,—Tue CuHurcH oF ENGLAND AND OTHER 
RELIcGious ComMuNIoNS. A Course of Lectures delivered in the Parish 
Church of Clapham. Crown 8vo. 75. 6d. 

How To MakE A Saint; or, The Process of Canonisation in the Church 

. of England. By The Prig. Fep. 8vo. 3s. 6d. 

AIYNDMAWN (H. M.)\—Tue HistoricaL Basis oF SOCIALISM IN 

: ENGLAND. Large crown 8vo. 8s. 6d. ‘ 

LM THURN (Everard F.)—Amonc THE INDIANS or Guiana. Being 
Sketches, chiefly Anthropologic, from the Interior of British Guiana. With 
53 Illustrations and a Map. Demy 8vo. 18s. 

Ixora: A Mystery. Crown 8vo. 6s. 


JACCOUD (Prof. S..\—THE CuRABILITY AND TREATMENT OF PULMO- 
NARY PHTHIsISs, Translated and Edited by M. Luszock, M.D. 8vo. 155. 

JaunT 1n A JuNK: A Ten Days’ Cruise in Indian Seas. Large crown 
8vo. 75. 6d. 

JENKINS (£.) and RAYMOND (/.)—Tue Arcuirect’s LEGAL 
Hanpzgook, Third Edition, Revised. . Crown 8vo. 6s. 

JENKINS (Rev. Canon R. C.\—HERALDRY : English and Foreign. With 
a Dictionary of Heraldic Terms and 156 Illustrations. Small crown 8vo. 3s. 6d. 

Story oF THE CaRAFFA. Small crown 8vo. 3s. 6d. 


JEROME (Saint\—Lire, by Mrs. CHarLes Martin. Large cr. 8vo. 65. 


JOEL (L£.)—A Consut's MANUAL AND SHIPOWNER’S AND SHIPMASTER’S 
PRACTICAL GUIDE IN THEIR TRANSACTIONS ABROAD. With Definitions of 
Nautical, Mercantile, and Legal Terms; a Glossary of Mercantile Terms in 
English, French, German, Italian, and Spanish ; Tables of the Money, Weights, 
and Measures of the Principal Commercial Nations and their Equivalents in 
British Standards ; and Forms of Consular and Notarial Acts. Demy 8vo. 12s. 


JORDAN (Furneaux) F.R.C.S.—ANATOMY AND PHYSIOLOGY IN CHA- 


RACTER, Crown 8vo. 55. 
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KAUFMANN (Rev. M.) M.A.—Socta.ism : its Nature, its Dangers, and 
its Remedies considered. Crown 8vo. 7s. 6d. 
Uroptas ; or, Schemes of Social Improvement, from Sir Thomas More 
to Karl Marx. Crown 8vo. 5s. 


CHRISTIAN SOCIALISM. Crown 8vo. 45. 62. 
KAY (David)—EnvucatTion anp Epucators. Crown 8vo, 7s. 6d. 
Memory : What it is, and how to improve it. Crown 8vo. 6s. 


KAY (Joseph)—FREE TRADE IN Lanp. Edited by his Widow. With 
Preface by the Right Hon. JoHN BricHT, M.P, Seventh Edition, Crown 
8vo. 55. 

*,* Also a cheaper edition, without the Appendix, but with a Review of Recent 
Changes in the Land Laws of England, by the Right Hon, G. OsBorNE 
Morean, Q.C., M.P. Cloth, 15. 6¢. ; Paper covers, Is. 

KELKE (W. H. H.)\—An Epitome oF ENGLISH GRAMMAR FOR THE 
UsE OF STUDENTS, Adapted to the London Matriculation Course and Simi- 
lar Examinations. Crown 8vo. 45. 6d. 


KEMPIS (Thomas 4)—O¥ THE ImiTaTION oF CHRIST. Parchment 
Library Edition, parchment or cloth, 6s.; vellum, 7s. 6¢ The Red Line 
Edition, fep. 8vo. cloth extra, 2s. 6¢. The Cabinet Edition, small 8vo. 
cloth limp, Is. ; or cloth boards, red edges, 15, 6¢. The Miniature Edition, 
32mo. cloth limp, Is. ; or with red lines, 1s. 6d. 

*,* All the above Editions may be had in various extra bindings. 


KENNARD (Rev. H. B.)—Manuat OF CONFIRMATION, 16mo. cloth, 
Is. Sewed, 3a. 
KENDALL (Henry\—Tue Kinsuip oF Men: Genealogy viewed as a 


Science. Crown 8vo. 5s. 


KETILEWELL (Rev. S.) M.A.—Tuomas A KeEMPIS AND THE 
BROTHERS OF COMMON LIFE. 2 vols. With Frontispieces. Demy 8vo. 


305. 
*,* Also an Abridged Edition in 1 vol. ‘With Portrait. Crown 8vo. 7s, 6d. 


KIDD (Joseph) M.D.—Tue Laws or THERAPEUTICS ; or, the Science 
and Art of Medicine. Second Edition. Crown 8vyo. 6s. 


KINGSFORD (Anna) M.D.—Tue Prrrect Way In Diet. A Treatise 
advocating a Return to the Natural and Ancient Food of Race. Small crown 
8vo. 25. 


KINGSLEY (Charles) M.A.—LETTERS AND MEMORIES OF HIS LIFE. 
Edited by his Wirz. With Two Steel Engraved Portraits and Vignettes. 
Sixteenth Cabinet Edition, in 2 vols. Crown 8vo. 12s. 


*," Also a People’s Edition in 1 vol. With Portrait, Crown 8vo. 6s. 

Att Saints’ Day, and other Sermons. Edited by the Rev. W. 
Harrison. Third Edition. Crown 8vo. 75. 6d. : 

True Worps FoR Brave Men. A Book for Soldiers’ and Sailors’ 
Libraries. Fourteenth Edition. Crown 8vo. 2s. 6d, 


KNOX (Alexander A.)\—Tuz NEw PLaycrounp; or, Wanderings in 
Algeria. New and Cheaper Edition. Large crown 8vo. 65. 


LAMARTINE (Alphonse de). By Lady Marcaret Domvite. Large. 


crown 8vo., with Portrait, 75. 6d. 


Kegan Paul, Trench, & Co.'s Publications. 13 


LanD CONCENTRATION AND IRRESPONSIBILITY OF PoLITICAL PowEr, as 
causing the Anomaly of a Widespread State of Want by the Side of the Vast 
Supplies of Nature. Crown 8vo. 55. é 

LANDON ( Joseph)—ScHoot MANAGEMENT ; including a General View 
of the Work of Education, Organisation, and Discipline. Sixth Edition. 
Crown 8vo. 65. 

LAURIE (S. S.)—LEcTURES ON THE RISE AND EarRLy CoNSTITUTION 
OF UNIVERSITIES. With a Survey of Medizeval Education. Crown 8vo. 6s. 

LEE (Rev. F. G.) D.C.L.—Tue OTHER Wortp; or, Glimpses of the 
Supernatural. 2vols. A New Edition, Crown 8vo. 15s. 

LEFEVRE (Right Hon. G. Shaw)—PEEL anp O’ConNnELL. Demy 
8vo. 10s. 67. 

IncipEnTs oF CoErcion. A Journal of Visits to Ireland. Crown 8vo. 15. 

LETTERS FROM AN UNKNOWN FRIEND. By the Author of ‘ Charles 
Lowder.’ With a Preface by the Rev. W. H. Cleaver. Fep. 8vo. 15. 

LEWARD (Frank)—Edited by Cuas. Bampton. Crown 8vo. 7s. 6d. 

Lire oF A Pric. By One. Third Edition. Fcp. 8vo. 3s. 6a. 


LILLIE (Arthur) M.R.A.S.—THE Poputar Lire or Buppua. Contain- 
ing an Answer to the Hibbert Lectures of 1881. With Illustrations, Crown 
8vo. 6s. i 
BUDDHISM IN CHRISTENDOM ; or, Jesus, the Essene. Demy 8vo. 
with Illustrations. 15s. 
LOCHER (Carl)—ExPLANATION OF THE ORGAN Stops, with Hints for 
Effective Combinations. Illustrated. Demy 8vo. 55. 
LONGFELLOW (HH. Wadsworth)—Uire. By his Brother, SamugL 
LONGFELLow. With Portraits and Illustrations. 3 vols. Demy 8vo. 42s, 
LONSDALE (Margaret)—Stster Dora: a Biography. With Portrait. 
Cheap Edition. Crown 8vo, 2s. 6d, 
Grorce Euiot: Thoughts upon her Life, her Books, and Herself. 
Second Edition. Small crown 8vo. 1s, 6d. 
LOWDER (Charles)—A Biocrapuy. By the Author of ‘St. Teresa,’ 
New and Cheaper Edition. Crown 8vo. With Portrait. 3s. 6d. 


LUCKES (Eva C. E.)—Lectures on GENERAL Nursine, delivered 
to the Probationers of the London Hospital Training School for Nurses. 
Second Edition. Crown 8vo. 2s. 6d. 

LYTTON (Edward Bulwer, Lord)—Utre, LETTERS, AND LITERARY 
Remains. By his Son the EARL OF LYTTON. With Portraits, Llustrations, 
and Facsimiles, Demy 8vo. cloth. Vols. I. and II. 32s, 

MACHIAVELLI (Nicceld)—His Lire anp Times. By Prof. VILtart. 
Translated by LINDA VILLARI. 4 vols. Large post 8vo. 48s. 

DISCOURSES ON THE First DecabDE oF Titus Livius. Translated from 
the Italian by NIn1AN HILL THomson, M.A. Large crown 8vo, 12s, 

Tur Prince. Translated from the Italian by N. H. T. Small crown 
8vo. printed on hand-made paper, bevelled boards, 6s. 

MACNEILL (J. G. Swift)—How THE UNION was CarRIED, Crown 
8vo. cloth, 1s. 6d. ; paper covers, Is. ; 

MAGNUS (Lady)—AsovuT THE JEws since Biste Times. From the 
Babylonian Exile till the English Exodus. Small crown 8vo, 6s, 
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MAGUIRE (Thomas)—LEcTURES ON PuitosopHy. Demy 8vo. gs. 

MAINTENON (Madame, de). By Emity Bowrzs. With Portrait. 
Large crown 8vo. 7s. 6d, 

Many Voicrs.—Extracts from Religious Writers, from the First to the 
Sixteenth Century. With Biographical Sketches. Crown 8vo. cloth extra, 6s, 


MARKHAM (Capt. Albert Hastings) R.N.—Tut GREAT FRozEN SEA: 


a Personal Narrative of the Voyage of the A/er¢t during the Arctic Expedition 
of 1875-6. With 33 Illustrations and Two Maps. Sixth Edition. Crown 8vo. 6s. 


MARTINEAU (Gertrude)—OvttinE Lessons on Morats. Small 


crown 8vo. 35. 6d. 
MASON (Charlotte M.)\—Home Epucation. A Course of Lectures to 
Ladies, delivered in Bradford in the winter of 1885-1886, Crown 8vo. 3s. 6d. 


Matrer anp Enercy: An Examination of the’ Fundamental Concep- 
tions of Physical Force. By B. L. L. Small crown 8vo. 2s. 


MATUCE (HH. Ogram)—A WANDERER. Crown 8vo. 55. 
MAUDSLEY (H.) M.D.—Bovy anp WiLL. Being an Essay Concerning 
Will, in its Metaphysical, Physiological, and Pathological Aspects. 8vo. 12s. 
NaTURAL CAUSES AND SUPERNATURAL SEEMINGS. Second Edition. 
Crown 8vo. 6s. 


M:GRATH (Terence)—Pictures FRoM IRELAND. New and Cheaper 


Edition. Crown 8vo. 25. 


McKINNEY (S. B. G.)—THeE Science AND ART OF RELIGION. 


Crown 8vo. 8s. 6d.. 
MILLER (Edward)—Tue History anp Doctrines oF IRVINGISM ; 
or, the so-called Catholic and Apostolic Church. 2 vols. Large post 8vo. 15s. 
Tue .CHURCH IN RELATION TO THE STATE. Large crown 8vo. 4s. 


MILLS (Herbert)—PoveRTY AND THE STATE ; or, Work for the Unem- 
ployed. An Enquiryinto the Causes and Extent of Enforced Idleness, Cr. 8vo. 6s. 


MINTON (Rev. Francis)—CaPivaL AND WAGES. 8vo. 155. 

MITCHELL (John)—Lire. By Wituiam Ditton. With Portrait. 
Demy 8vo. 

MITCHELL (Lucy M.)—A History ofr ANCIENT SCULPTURE. With 


numerous Illustrations, including six Plates in Phototype. Super royal, 42s. 


SELECTIONS FROM ANCIENT SCULPTURE. Being a Portfolio contain- 
ing Reproductions in Phototype of 36 Masterpieces of Ancient Art, to illus- 
trate Mrs. MITCHELL’s ‘ History of Ancient Sculpture.’ 18s, 


MIVART (St. George)—ON TRUTH. 8vo. 165. 


MOCKLER (£.)—A GRAMMAR OF THE BALOOCHEE LANGUAGE, as it is 
spoken in Makran (Ancient Gedrosia), in the Persia-Arabic and Roman 
characters. Fcp. 8vo. 5s. } 


MOHL (fulius and Mary)—LetTERS AND RECOLLECTIONS oF. By 
M. C. M. Simpson. With Portraits and Two Illustrations. Demy 8vo. 15s. 


MOLESWORTH (W. Nassau\—History oF THE CHURCH or ENG- 


LAND FROM 1660, Large crown 8vo. 75. 6d. 
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MORELL (f. R.)—Evcuip Simpiiriep IN METHOD AND LANGUAGE. 
Being a Manual of Geometry. Compiled from the most important French 
Works, approved by the University of Paris and the Minister of Public 
Instruction. Fep. 8vo. 25. 6d. 

MORISON ( James Cotter)—-Tut SERVICE OF Man. An Essay towards 
the Religion of the Future. Demy 8vo. Ios. 6d. ; Cheap Edition, crown 8vo. 55. 

MORSE (E. S.) Ph.D.—First Boox or ZooLocy. With numerous 
Illustrations. New and Cheaper Edition. Crown 8vo. 2s. 6d. 

My Lawver: A Concise Abridgment of the Laws of England. By a 


Barrister-at-Law. Crown 8vo. 6s. 6d. 


'' NELSON (J. H.) M.A.—A PROSPECTUS OF THE SCIENTIFIC STUDY OF 


THE Hinptd Law. Demy 8vo. gs. 
InpDIAN USAGE AND JUDGE-MADE Law IN Mapras. Demy 8vo. 12s. 
New Sociat Teacuincs. By Potiricus. Small crown 8vo. 5s. 


NEWMAN (Cardinal)—CHARACTERISTICS FROM THE WRITINGS OF. 
Being Selections from his various Works. Arranged with the Author’s 
personal Approval. Seventh Edition. With Portrait, Crown 8vo. 6s, 

*,* A Portrait of Cardinal Newman, mounted for framing, can be had, 2s. 6d. 


NEWMAN (Francis William)—Essavs on Diet. Small crown 8vo. 2s. 
MisceLtanigs. Vol. II. : Essays, Tracts, and Addresses, Moral and 
Religious. Demy 8vo. 12s. ' 
REMINISCENCES OF Two ExiLes AND Two Wars. Crown 8vo. 35. 6d, 
NICOLS (Arthur) F.G.S., F.R.G.S.—CHAPTERS FROM THE PHYSICAL 
HIsToRY OF THE EARTH: an Introduction to Geology and Palzontology. 
With numerous Illustrations. Crown 8vo. 5s. 
‘NIHILL (Rev. H. D.\—TueE Sisters or St. Mary at THE Cross: 
SISTERS OF THE PoOR AND THEIR WoRK. Crown 8vo. 2s. 6d. 
NOEL (The Hon. Roden)—Essays oN Porrry anp Ports. Demy 


8vo. 125. 


NOPS (Marianne)—Cuass Lessons on Evctip. Part I. containing the 
First Two Books of the Elements. Crown 8vo. 25. 6d. 


Nuces : EXERCISES ON THE SYNTAX OF THE PuBLic SCHOOL LATIN PRIMER. 
New Edition in Three Parts. Crown 8vo. each 1s, 
*,%* The Three Parts can also be had bound together in cloth, 3s. 

OATES (Frank) F.R.G.S.—MATtTABELE LAND AND THE VICTORIA FALLs. 
A Naturalist’s Wanderings in the Interior of South Africa. Edited by C. G. 
Oates, B.A, With numerous Illustrations and 4 Maps. Demy 8vo. 21s. 

OBRIEN (R. Barry)—Irish Wroncs AND ENGLISH REMEDIES, with 
other Essays. Crown 8vo. 5s. 

OGLE (W.) M.D., F-R.C.P.—ARISTOTLE ON THE PaRTs oF ANIMALS. 
Translated, with Introduction and Notes. Royal 8vo. 125. 6d. z 

OLIVER (Robert)—UnwnoticepD Anatocigs. A Talk on the Irish Ques- 
tion. Crown 8vo. 3s. 6d. 

OMEARA (Kathleen)—HEnR1 PERREYVE AND HIS COUNSELS TO THE 
Sick, Small crown 8vo. 55. 

One anp a Har in Norway. A Chronicle of Small Beer. By Either 
and Both. Small crown 8vo. 3s. 6d. 

ONEIL (The late Rev. Lord).—SERMONS. With Memoir and Portrait. 
Crown 8vo. 6s. 

Essays AND ADDRESSES. Crown 8vo. 5s. 
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OTTLEY (Henry Bickersteth)—Tue Great Ditemma: Christ His own 
Witness or His own Accuser, Six Lectures. Secoud Edition. Crown 8vo, 
35. 6d. : 

Our Priests aND THEIR TiTHES. By a Priest of the Province of 
Canterbury. Crown 8vo. 55. 

Our Pustic ScHooLs—ETON, Harrow, WINCHESTER, RucBy, WEST- 
MINSTER, MARLBOROUGH, THE CHARTERHOUSE. Crown 8vo. 65, 

OWEN (F. M.)—Joun Keats: a Study. Crown 8vo. 6s. 

PADGHAM (Richard)—In THE Mipst or LirE we are In Deatu. 
Crown 8vo. 5s. 

PALMER (the late William)—NotTES OF a Visit TO Russia IN 1840-41. 


Selected and arranged by JoHN H. CARDINAL NEWMAN. With Portrait. Crown 
8vo. 85. 6d. 


EarLy CHRISTIAN SYMBOLISM. A series of Compositions from Fresco- 
Paintings, Glasses, and Sculptured Sarcophagi. Edited by the Rev. Provost 
NortTHcorte, D.D., and the Rev. CANON BROWNLOW, M.A. With Coloured 
Plates, folio, 42s. ; or with plain plates, folio, 255. 

PARCHMENT LiBraRy. Choicely printed on hand-made paper, limp parch- 
ment antique or cloth, 6s. ; vellum, 75. 6¢. each volume. 

CaARLYLE’S SARTOR RESARTUS. 

Mitton’s PoEticaL Works. 2 vols. 

CHAUCER’s CANTERBURY TaLEs. 2vols, Edited by ALFRED W. 
POLLARD. 

SELECTIONS FROM THE PROSE WRITINGS OF JONATHAN SwiFt. With 
a Preface and Notes by STANLEY LANE-POOLE, and Portrait. 

ENGLISH SACRED LyRICs. 

Sir JosHua Reynoips’ Discoursrs. Edited by Epmunp Gosse. 

SELECTIONS FROM MiILton’s Prose Writincs. Edited by ERNEST 
MYERS, 

Tue Boox or Psatms. Translated by the Rev. Canon Curyng, D.D. 

Tue Vicar oF WAKEFIFLD. With Preface and Notes by AusTIN 
Dosson. 

EncusH Comic Dramatists. Edited by OswaLD CRAWFURD. 

EnciisH Lyrics. 

Tue SONNETS oF JOHN Mitton. Edited by Marx Pattison. 
With Portrait after Vertue. 

FrencuH Lyrics. Selected and Annotated by Grorcr SaINTSBURY. 
With miniature Frontispiece, designed and etched by H. G. Glindoni. 

Fastes by Mr. Joun Gay. With Memoir by Austin Dosson, 
and an etched Portrait from an unfinished Oil-sketch by Sir Godfrey Kneller. 

SeL_ect Letrers oF Percy ByssHE SHELLEY. Edited, with an Intro- 
tion, by RICHARD GARNETT. 

THE CHRISTIAN YEAR; Thoughts in Verse for the Sundays and 
Holy Days throughout the Year. With etched Portrait of the Rev. J. Keble, 
after the Drawing by G, Richmond, R.A, 

SHAKsPERE’S WorKs. Complete in Twelve Volumes, 

EIGHTEENTH CenTuRY Essays. Selected and Edited by AusTIN 
Dozson. With a Miniature Frontispiece by R. Caldecott. 
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ParcuMENT Lisrary—continued. 


Q. Horatr Fiaccr Opera. Edited by F. A. Cornisu, Assistant 
Master at Eton. With a Frontispiece after a design by L. ALMA TADEMA, 
Etched by LeorpoLp LowENsTAM. 

Epcar ALLAN Por’s Poems. With an Essay on his Poetry by 
ANDREW LANG, and a Frontispiece by Linley Samboume. 

SHAKSPERE’S SONNETS. Edited by Epwarp Dowpen. With a 
Frontispiece etched by Leopold Lowenstam, after the Death Mask, 

ENcLisH Opes. Selected by Epmunp Gossz. With Frontis- 
piece on India paper by Hamo Thornycroft, A.R.A. 

OF THE IMITATION oF CHRIst. By THomas A Kempis. A revised 
Translation, With Frontispiece on India paper, from a Design by W. B. 
Richmond. 

Poems : Selected from Percy ByssHE SHELLEY. Dedicated to Lady 
Shelley. With Preface by RICHARD GARNETT and a Miniature Frontispiece. 

LETTERS AND JOURNALS OF JONATHAN Swirt. Selected and edited, 
with a Commentary and Notes, by STANLEY LANE POOLE, 

DE QuincEy’s CONFESSIONS OF AN ENGLISH Opium EATER. 
Reprinted from the First Edition. Edited by RICHARD GARNETT. 

THe GOSPEL ACCORDING TO MatTHew, Mark, AND LUKE. 

PARSLOE (Josebh) — Our Rattways. Sketches, Historical and 
Descriptive. With Practical Information as to Fares and Rates, &c., and a 
Chapter on Railway Reform. Crown 8vo. 6s. 


PASCAL“ Blaise)—Tue Tuovucuts or, Translated from the Text of 
AUGUSTE MOLINIER by C. KeGan Pau. Large crown 8vo, with Frontispiece, 
printed on hand-made paper, parchment antique, or cloth, 12s. ; vellum, 155. 
New Edition, crown 8vo. 65. 

PATON (W. A.)—Down THE IsLANDs ; a Voyage to the Caribbees. 
Illustrations. Demy 8vo. 16s, 

PAUL (C. Kegan)—BiocRaPuicaL SKETCHES. Printed on hand-made 
paper, bound in buckram. Second Edition. Crown 8vo. 75. 6d. 


PEARSON (Rev. S.\—WEEK-pDaY Livinc. A Book for Young Men 
and Women. Second Edition. Crown 8vo, 5s. 

PENRICE (Major 7.\—Arapic AND ENGLISH DICTIONARY OF THE 
Koran, 4to. 215. 

PESCHEL (Dr. Oscar)—Tue Races oF MAN AND THEIR GEOGRAPHICAL 
DIsTRIBUTION. Second Edition, large crown 8vo. 9s. 

PETERS (fF. H.)—THE NicomacHean Etuics oF ARISTOTLE. Trans- 
lated by. Crown 8vo. 6s. 

PIDGEON (D.)—An Encinesr’s Hotipay; or, Notes of a Round 
Trip from Long. 0°to 0°. New and Cheaper Edition. Large crown 8vo. 7s. 6d. 

OLD WorLD QUESTIONS AND NEw Worip Answers. Large crown 
8vo. 7s. 6d, 

Pian THoucHTS FOR MEN. Eight Lectures delivered at the Foresters’ 
Hall, Clerkenwell, during the London Mission, 1884. Crown 8vo. ‘Is. 6d. ; 
paper covers, Is. 

PLOWRIGHT (C. B.)-—-Tue British UREDINEZ AND USTILAGINES. 


With Illustrations. Demy 8vo. Ios. 6d. 
R 
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POE (L£dgar Allan)\—Works or. With an Introduction and a Memoir 
by RicHarp Henry StopparD. In 6 vols. with Frontispieces and Vignettes. 
Large crown 8vo. 6s. each vol. 


PRICE (Prof. Bonamy)—CHAPTERS ON PRACTICAL PoLiTicaL Economy. 
Being the Substance of Lectures delivered before the University of Oxford. 
New and Cheaper Edition. Large post 8vo. 5s. 


Pric’s BEDE: The Venerable Bede Expurgated, Expounded, and Exposed. 
By the Pric, Author of ‘ The Life of a Prig.’? Fep. 8vo. 3s. 6d. 


PRIGMENT (THE). A Collection of ‘The Prig’ Books. Crown 8vo. 6s. 


Putpir COMMENTARY (THE). Old Testament Series. Edited by the Rev. 
J. S. EXELL and the Very Rev. Dean H. D. M. SPENCE, 


GenEsiIs. By Rev. T. WHITELAW, M.A. With Homilies by the Very 
Rev. J. F. Montcomery, D.D., Rev. Prof.R. A. REDFORD, M.A., LL.B., 
Rev. F. Hastines, Rev. W. Rosperts, M.A.; an Introduction to the Study 
of the Old Testament by the Venerable Archdeacon FARRAR, D.D., F.R.S. ; 
and Introductions to the Pentateuch by the Right Rev. H. CoTTERILL, D.D., 
and Rey. T. WHITELAW, M.A. Eighth Edition. One vol. 155. 


Exopus. _ By the Rev. Canon Rawinson. With Homilies by 
Rev. J. Orr, Rev. D. Youne, Rev. C. A. GoopHart, Rev. J. URQUHART, 
and Rev. H. T. Rozgyouns., Fourth Edition. Two vols. each gs. ' 


Leviticus. By the Rev. Prebendary Meyrick, M.A. With Intro- 
ductions by Rev. R. CoLiins, Rev. Professor A. CAVE, and Homilies by 
Rev. Prof. REDFORD, LL.B., Rev. J. A. MACDONALD, Rev. W. CLARKSON, 
Rev. S. R. AtpripGE, LL.B., and Rev. McCHrynge Epcar. Fourth 
Edition, 15s. 


Noumzers. By the Rev R. WinrERzoTHAM, LL.B. With Homilies by 
the Rev. Professor W. Binniz, D.D., Rev. E. S. Prout, M.A., Rev. D. 
Youne, Rev. J. WaITE; and an Introduction by the Rev. THoMas WHITE- 
LAW, M.A. Fifth Edition. 155. 


DruTERONoMY. By Rev. W. L. ALEXANDER, D.D. With Homilies 
by Rev. D. Davigs, M.A., Rev. C. CLemMAncE, D.D., Rev. J. Orr, B.D., 
and Rev. R. M. Epcar, M.A. Fourth Edition. 155. 


JosHua. By Rev. J. J. Lias, M.A. With Homilies by Rev. S. R. 
ALDRIDGE, LL.B., Rev. R. GLover, Rev. E. Dr PressEnst, D.D., 
Rev. J. Waltz, B.A. Rey. W. F. ApEnry, M.A.; and an Introduction by 
the Rev. A. Plummer, M.A. Fifth Edition. 125. 6d. 


Jupces anp RutH. By the Bishop of Bath and Wells and Rev. J. 
Morison, D.D. With Homilies by Rev, A. F. Muir, M.A., Rev. W. F. 
ADENEY, M.A., Rev. W. M. StatuHam, and Rev. Professor J. THOMSON, 
M.A. Fifth Edition. 10s. 6d. 


x and 2 Samuet, By the Very Rev. R. P. Smiru, D.D. With 
Homilies by Rev. DonaLp FRASER, D.D., Rev. Prof. CHAPMAN, Rev. B. 
Date, and Rev G. Woop, Vol. I. Sixth Edition, 15s. Vol. IT. 155. 


1 Kincs. By the Rev. JosEpH Hammonp, LL.B. With Homilies 
by the Rev, E De Presszns#, D.D., Rev. J. Watts, B.A., Rev. A. 
Rowtanp, LL.B., Rev. J. A. MACDONALD, and Rev. J. UrquHart. 
Fifth Edition. 15s. 


1 CHRONICLES. By the Rev. Prof. P. C. Barxer, M.A., LL.B. 
With Homilies by Rev. Prof. J. R. Tuomson, M.A., Rev. R. Tuck, B.A., 


Rev. W. CLARKSON, B.A., Rey, F. WHITFIELD, M A., and Rev. RICHARD 
GLOVER, 155. 
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Putpir Commentary (THE). Old Testament Series—continued. 


Ezra, NEHEMIAH, AND EsTHER. By Rev. Canon G. RAWLINSON, 
M.A. With Homilies by Rev. Prof. J. R. THomson, M.A., Rev. Prof. R. A. 
Reprorp, LL.B., M.A., Rev. W. S. Lewis, M.A., Rev. J. A. MACDONALD, 
Rev. A, MACKENNAL, B.A., Rev. W. Clarkson, B.A., Rev. F. HastTines, 
Rev, W. Dinwipp1z, LL.B., Rev. Prof. RowLanps, B.A., Rev. G. Woop, 
B.A., Rev. Prof. P. C. Barker, LL.B,, M.A., and Rev. J. S. EXELL, M.A. 
Sixth Edition. One vol. 12s. 6d. 


IsatauH. By the Rev. Canon G. Rawtinson, M.A. With Homilies 
‘by Rev. Prof. E. Jounson, M.A., Rev. W. CLARKSON, B.A., Rev. W. M. 
STATHAM, and Rev. R. Tuck, B.A. Second Edition. 2 vols. each 155. 


JEREMIAH (Vol. I.). By the Rev: Canon Cuevne, D.D. With Homilies 
by the Rev W. F. Apenzy, M.A., Rev. A. F. Murr, M.A., Rev. S. 
Conway, B.A., Rev. J. Warrse, B.A., and Rev. D, Younc, B.A. Third 
Edition. 155. 


JEREMIAH (Vol. II.),anp LAMENTATIONS. Bythe Rev. Canon CHEYNE, 
D.D. With Homilies by Rev. Prof. J. R. Tomson, M.A., Rev. W. F. 
ADENEY, M.A., Rev, A. F. Murr, M.A., Rev. S. Conway, B.A., Rev, D. 
Youne, B.A. 15s. 


Hosea AND JoEL. By the Rev. Prof. J. J. Given, Ph.D., D.D. 
With Homilies by the Rev. Prof. J. R. THomson, M.A., Rev. A. Row- 
LAND, B.A., LL.B., Rev. C. Jerpan, M.A., LL.B., Rev. J. ORR, M.A., 
B.D., and Rev. D. THomas, D.D. 155. 


Putrir ComMENTARY (THE). New Testament Series. 


St. Marx. By the Very Rev. E. BickersTeTH, D.D., Dean of 
Lichfield. With Homilies by the Rev. Prof. THomson, M.A., Rev. Prof. 
Given, M.A., Rev: Prof. Jonson, M.A., Rev. A. ROWLAND, LL.B., Rev, 
A, Murr, M.A., and Rev. R. Green, Fifth Edition, 2 vols. each 10s. 6d. 


Sr. Joun. By the Rev. Prof. H. R. Reynorps, D.D. With 
Homilies by Rev. Prof. T. CrosKery, D.D., Rev. Prof. J. R. THom- 
son, Rev. D. Younc, Rev. B. THomas, and Rev, G, Brown, 2 vols. 
each 15s, 


Tue Acts or THE APOSTLES. By the Bishop of Baru anD WELLS, 
With Homilies by Rev. Prof. P. C. BARKER, M.A., Rev. Prof. E. JOHNSON, 
M.A., Rev. Prof. R. A. Reprorp, M.A., Rev. R. Tuck, B.A., Rev. W. 
Ciarxkson, B.A. Fourth Edition. Two vols. each Ios. 6d. 


1 CoRINTHIANS. By the Ven. Archdeacon Farrar, D.D. With Homi- 
lies by Rev. Ex-Chancellor Lipscomr, LL.D., Rev. DAvIp Tuomas, D.D., 
Rev. DONALD FRASER, D.D., Rev. Prof. J. R. Tuomson, M.A., Rev. R. 
Tuck, B.A., Rev. E. HuRNDALL, M.A,, Rev, J. Warre, B.A., Rev. H. 
BREMNER, B.D. Third Edition. 155. 


11 CORINTHIANS AND GALATIANS. By the Ven. Archdeacon 
FARRAR, D.D., and Rev. Preb. E. HuxTasLe. With Homilies by Rev. 
Ex-Chancellor Lipscoms, LL.D., Rev. Davip THomas, D.D., Rev. DONALD 
Frasier, D.D., Rev. R. Tuck, B.A., Rev. E. HURNDALL, M.A., Rev. Prof. 
J. R. -THomson, M.A., Rev. R. FINLAYsON, B.A., Rev. W. F. ADENEY, 
M.A., Rev. R. M. Epcar, M.A., and Rev. T. Croskery, D.D. 21s. 


EPHESIANS, PHILIPPIANS, AND CoLossians. By the Rev. Prof. 
W. G. Buarxig, D.D., Rev. B. C. Carrin, M.A., and Rev. G. G, FINDLAyY, 
B.A. With Homilies by Rev. D. THomas, D.D., Rev. R. M. Epear, M.A., 
Rev. R. FINLAysoN, B.A., Rev. W. F. ADENEY, M.A., Rev. Prof. T. 
CroskErY, D.D., Rev. E. S. Prout, M.A., Rev, Canon VERNON Hutton, 
and Rey. U. R. THomas, D.D. Second Edition. 215. 
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Puupir CoMMENTARY (THE). New Testament Series—continued. 


THESSALONIANS, TiMoTHY, Tirus, AND PHILEMON. By the BisHop 
OF BATH AND WELLS, Rev. Dr. GLoac, and Rev. Dr. EALEs. With 
Homilies by the Rev. B_ C. CaFFIN, M.A., Rev. R. FINLAYSON, B.A., Rev. 
Prof. T. Croskery, D.D.,- Rev. W. F. ADENEY, M.A., Rev. W. M. 
STATHAM, and Rev. D. THomas, D.D, 15s. 

HEBREWS AND James. By the Rev. J. Barmsy, D.D., and Rev. 
Prebendary E.C.S. Grsson, M.A. With Homiletics by the Rev. C. JERDAN, 
M.A., LL.B., and Rev. Prebendary E. C. S. Gisson. And Homilies by the 
Rev. W. JonEs, Rev. C. New, Rev. D. Younc, B.A., Rev. J. S. BRIGHT, 
Rev. T, F. Lockyer, B.A., and Rev. C. JeRDAN, M.A., LL.B. Second 
Edition. Price 155. 

PUSEY (Dr.)—SERMONS FOR THE CHURCH’s SEASONS FROM ADVENT 
To TRINITY. Selected from the published Sermons of the late EDWARD 
Bouverir PusEy, D.D. Crown 8vo. 55, 

QUEKETT (Rev. William)—My Savincs anp Dorncs, wirH Re- 
MINISCENCES OF My Lire. Demy 8vo. 18s, 

RANKE (Leopold von)—UniversaL Wstory. The Oldest Historical 
Group of Nations and the Greeks, Edited by G.W. PRoTHERO, Demy 8vo. 16s. 

RENDELL (/. M.)—-Concisr HANDBOOK oF THE ISLAND OF MADEIRA. 
With Plan of Funchal and Map of the Island. Fep. 8vo. 1s. 6d. 

REVNOLDS (Rev. 7. W.)\—TuHE SupernaruraL In Nature. A 
Verification by Free Use of Science, Third Edition, revised and enlarged. 
Demy 8vo. 145. . 

THE Mystery or Miracres. Third and Enlarged Edition. Crown 
8vo. 65. 

THE MysTERY OF THE UNIVERSE: Our Common Faith.’ Demy 
8vo. 145. 

THE WorLp To Come: Immortality a Physical Fact. Crown 8vo. 6s. 


RIBOT (Prof. Th.)—HeErevity: a Psychological Study on its Phenomena, 
its Laws, its Causes, and its Consequences. Second Edition. Large crown 
8vo. gs. 

RIVINGTON (Luke)—AvtTuority, OR A PLain Reason For JOINING 
THE CHURCH OF RoME. Crown 8vo, 3s. 6d. 

ROBERTSON (The late Rev. F. W.) M.A.—Lirz anp LETTERS oF. 
Edited by the Rev. Stopford Brooke, M.A. 


I. Two vols., uniform with the Sermons. With Steel Portrait. Crown 
8vo. 75. 6d, 


II. Library Edition, in demy 8vo. with Portrait. 12s. 
III. A Popular Edition, in 1 vol. Crown 8vo. 6s. 

Sermons. Four Series. Small crown 8vo. 3s. 6d. each. 

THE Human Racg, and other Sermons. Preached at Cheltenham, 
Oxford, and Brighton. New and Cheaper Edition. Small crown 8vo. 38. 6a. 

Nos on Genesis. New and Cheaper Edition. Small crown 8vo. 
35. 62, 

Expository Lectures on St. Paut’s EPISTLES TO THE CORINTHIANS. 
A New Edition. Small crown 8vo. 5s. 

LECTURES AND ADDpRESSES, with other Literary Remains. A New 
Edition. Small crown 8vo. 55. 

An ANaLysis oF TENNyson’s ‘IN MemortaM,. (Dedicated by 
Permission to the Poet-Laureate.) Fep. 8vo.2s. 

TuE EpucaTIoNn oF THE HuMAN Race. Translated from the German 
of Gotthold Ephraim Lessing. Fcp. 8vo. 2s. 6d. 


*,* A Portrait of the late Rev. F, W. Robertson, mounted for framing, can 
be had, 25, 6d, 
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ROGERS (William)\—ReEminiscences. Compiled by R. H. Happen. 
With Portrait. Third Edition. Crown 8vo. 6s. 


ROMANCE OF THE REcusants. By the Author of ‘Life ofa Prig.’ Cr. 8vo. 55. 
ROMANES (G. J:)—MEntat EvotvTion In ANIMALS. With a Posthu- 
mous Essay on Instinct, by CHARLES Darwin, F.R.S. Demy 8vo., 12s. 
MEntTAL EvoLuTIon In Man. Vol. I. 8vo. 14s. 
ROSMINI SERBATI (A.) Founder of the Institute of Charity—Li¥e. 


By FATHER Lockuart. 2 vols, Crown 8vo. 12s. 
Rosmini’s Oricin or Ipgeas. Translated from the Fifth Italian Edition 
of the Nuovo Saggio. Swill’ origine delleidee. 3 vols. Demy 8vo. 10s. 6d, each. 
Rosmini’s PsycuHotocy. 3 vols. Demy 8vo. [Vols, I. & II. now ready, 
Ios, 6d, each. 


ROSS (Janet)—Itauian SKETCHES. With 14 full-page Illustrations. 
Crown 8vo. 75. 6a. 

RULE (Martin) M.A.—TueE Lire anp Times or St. ANSELM, ARCH- 
eats oF CANTERBURY AND PRIMATE OF THE BRITAINS, 2 vols. Demy 
VO. 325. 


SAM _ jee M.)—JewisH Lire IN THE East. Small crown 8vo. 
38. 6d. 


SAYVCE (Rev. Archibald Henry)—INTRODUCTION TO THE SCIENCE OF 
LancuaGE, 2 vols, Second Edition. Large post 8vo, 215, 

SCOONES (W. Baptiste)—Four Centuries or ENGLISH LETTERS : 
A Selection of 350 Letters by 150 Writers, from the Period of the Paston 
Letters to the Present Time. Third Edition. Large crown 8vo. 6s. 

SEE (Prof. Germain)—BAcILLaRy PHTHISIS OF THE Luncs. Translated 


and Edited for English Practitioners, by WILLIAM HENRY WEDDELL, 
M.R.C.S. Demy 8vo. 105. 6d. 


SELWYN (Augustus) D.D.—Lire. By Canon G. H. Curteis. Crown 


8vo. 6s. 
SEYMOUR (W. Digby)—Home Rute anp StaTE Supremacy. Crown 
Svo. 35. 6d. 


SHAKSPERE—Worxs. The Avon Edition, 12 vols. fep. 8vo. cloth, 
18s. ; in cloth box, 21s. ; bound in 6 vols., cloth, 155. 

SHAKSPERE—Worxs (An Index to). By Evancerine O’Connor. 
Crown 8vo. 55. 

SHELLEY (Percy Bysshe)—Lire. By Epwarp Dowven, LL.D. 
With Portraits and Illustrations, 2 vols., demy 8vo. 36s. 

SHILLITO (Rev. Joseph)—Womanuoop : its Duties, Temptations, and 
Privileges, A Book for Young Women, Third Edition. Crown 8vo. 3s. 6d. 

SHOOTING, PracticaL Hints on. Being a Treatise on the Shot Gun and 
its Management. By ‘20-Bore.’ With 55 Illustrations. Demy 8vo. 12s. 

SisteR AUGUSTINE, Superior of the Sisters of Charity at the St. Johannis 
Hospital at Bonn. Cheap Edition, Large crown 8vo. 45. 6d. 


SKINNER (JAmEs). A Memoir. By the Author of ‘Charles Lowder.’ 
With a Preface by Canon CARTER, and Portrait. Large crown 8vo. 75. 62. 
*,* Also a Cheap Edition, with Portrait. Crown 8vo, 3s. 6d. 


SMEATON (Donald)—Tue Lovan Karens or Burman. Crown 


vo. 45. 6d. 
SMITH (Edward) M.D., LL.B., F.R.S.—TuBercutar CONSUMPTION 
IN ITs EARLY AND REMEDIABLE STAGES. Second Edition. Crown 8vo. 6s. 
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SMITH (L. A.)\—Music or THE Waters: Sailors’ Chanties, or Work- 
ing Songs of the Sea of all Maritime Nations. Demy 8vo. 12s. 


SMITH (Sir W. Cusack, Bart.\—Our War Suirs. A Naval Essay. 
Crown 8vo. 55. 

SpanisH Mystics. By the Editor of ‘Many Voices.’ Crown 8vo. 55. 

SPECIMENS OF ENGLISH PRosE STYLE FROM Matory To MACAULAY. 
Selected and Annotated, with an Introductory Essay, by GEORGE SAINTSBURY. 


Large crown 8vo., printed on hand-made paper, parchment antique, or cloth, 
1zs.; vellum, 155. 

SPEDDING ( James)— Reviews anp Discussions, LITERARY, POLITICAL, 
AND HISTORICAL NOT RELATING TO Bacon. Demy 8vo. 125. 6d. 


EVENINGS WITH A REVIEWER; or, Bacon and Macaulay. With a 
Prefatory Notice by G. S. VENABLES, Q.C. 2 vols. Demy 8vo. 185. 


STRACHEY (Sir Fohn)—Lxectures on Inpta. 8vo. 155. 


Stray Papers ON EDUCATION AND SCENES FROM SCHOOL Lire, By B. H. 
Second Edition. Small crown 8vo. 3s. 6d. hs 


STREATFEILD (Rev. G. S.) M.A.—LINCOLNSHIRE AND THE DANES. 


Large crown 8vo. 7s. 6d. 


STRECKER-WISLICENOUS—OrGaNIc CHEMISTRY. Translated and 
Edited, with Extensive Additions, by W. R. HopcKInson, Ph.D., and A. J. 
GREENAWAY, F.I.C. Demy 8vo. 125. 6d. 


SUAKIN, 1885 ; being a Sketch of the Campaign of this Year. By an 
Officer who was there, Second Edition. Crown 8vo. 2s. 6d. 


SULLY ( James) M.A.—PEssimism: a History and a Criticism. Second 
Edition. Demy 8vo. 14s. 

TARRING (Charles James) M.A.—A Practica, ELEMENTARY TURKISH 
GRAMMAR. Crown 8vo. 6s. 

TAVLOR (Hugh)—Tur Moratity or Nations. A Study in the 
Evolution of Ethics, Crown 8vo. 6s. 

TAYLOR (Rev. Jsaac)—Tue AtpuaBeT. An Account of the Origin 
and Development of Letters. Numerous Tables and Facsimiles. 2 vols. 8vo. 36s. 

LEAVES FROM AN EcypriaN NoTeE-Book. Crown 8vo. 55. 

TAYLOR (Reynell) CB, CSJ—A Biocrapoy. By E. Gampier 
ParRRY. With Portrait and Map. Demy 8vo. 145. 

THOM (John Hamilton\—Laws or LirE AFTER THE MIND OF CHRIST, 
Two Series, Crown 8vo. 7s. 6d. each. 

THOMPSON (Sir H.)\—Dier in RELATION To AGE AND ACTIVITY. 


Fep. 8vo. cloth, 1s. 6d. ; Paper covers, Is, 


TIDMAN (Paul F.)—Goip anv SILtveR Money. Part I.—A Plain 
Statement. Part II.—Objections Answered, Third Edition. Crown 8vo. 1s. 


Money anp Lazour. Is. 6d. 
TODHUNTER (Dr. J.)—A Srupy or SHELLEY. Crown 8vo. 75. 
TOLSTOL (Count Leo)\—Curist’s Curistianity, Translated from the 


Russian, Large crown 8vo. 75. 6d. 


IRANT (William)—Trave Unions ; Their Origin and Objects, Influ- 


ence and Efficacy. Small crown 8vo, Is. 67%. ; paper covers, Is, 


Kegan Paul, Trench, & Co.'s Publications. a3 


TRENCH (The late R. C. Archbishop)—LutTERS AND MEMORIALS. 
Edited by the Author of ‘Charles Lowder, a Biography,’ &c. With two 
Portraits, 2 vols, demy 8vo. 215, 

SERMONS NEw anD OLD. Crown 8vo. 6s. 

WESTMINSTER AND Dustin SERMONS. Crown 8vo. 65. 

Notes oN THE ParaBLes of Our Lorp. Fourteenth Edition. 
8vo, 125.5 Popular Edition, crown 8vo. 7s. 67. 

Nores ON THE MrracLtes oF Our Lorp. ‘Twelfth Edition. 
8vo. 125.; Popular Edition, crown 8vo. 75. 6d, 

STUDIES IN THE GospPErs. Fifth Edition, Revised. 8vo. ros. 6a 

BRIEF THOUGHTS AND MEDITATIONS ON SOME PassAGES IN Hoty 
Scripture. Third Edition, Crown 8vo, 35. 6d, 

SYNONYMS OF THE New Testament. ‘Tenth Edition, Enlarged. 
8vo. 12s. 

ON THE AUTHORISED VERSION OF THE NEw TESTAMENT. Second 
Edition. 8vo. 7s. 

COMMENTARY ON THE EPISTLE TO THE SEVEN CHURCHES IN ASIA. 
Fourth Edition, Revised. 8vo. 8s. 6d, 

THE SERMON ON THE Mount. An Exposition drawn from the 
Writings of St. Augustine, with an Essay on his Merits as an Interpreter of 
Holy Scripture. Fourth Edition, Enlarged. 8vo. tos. 6d. 

SHIPWRECKS OF FatTH. Three Sermons preached before the University 
of Cambridge in May 1867. Fep. 8vo. 25. 6d. : 

Lectures on MEDIZvAL CuurRcH History. Being the Substance 
of Lectures delivered at Queen’s College, London. Second Edition. 8vo, 125. 

ENGLIsH, PasT AND PRESENT. Thirteenth Edition, Revised and 
Improved. Fep. 8vo. 5s. - ; 

On THE Stupy oF Worps. Nineteenth Edition, Revised. Fep. 
8vo. 55. 

SeLect GLOSSARY OF ENGLISH WorDs UsED FORMERLY IN SENSES 
DIFFERENT FROM THE PRESENT. Sixth Edition, Revised and Enlarged. 
Fep. 8vo. 5s. 

PROVERBS AND’ THEIR Lessons. Seventh Edition, Enlarged. Fep. 


8vo. 45. 

Poems. Collected and Arranged Anew. Ninth Edition. Fcp. 8vo. 
7s. 6d. 

Poems. Library Edition. 2 vols. Small crown 8vo, ros. 

Sacrep Latin Porrry. Chiefly Lyrical, Selected and Arranged 
for Use. Third Edition, Corrected and Improved. Fcp. 8vo. 7s. 

A HovuseHotp Book or ENGLisH Fortry. Selected and Arranged, 
with Notes. Fourth Edition, Revised. Extra fcp. 8vo. 55. 6d, 

Aw Essay ON THE LIFE AND GENIUS OF CALDERON. With Trans- 
lations from his ‘ Life’s 2 Dream’ and ‘Great Theatre of the World.’ Second 
Edition, Revised and Improved. Extra fep. 8vo. 55. 6d. é 

Gustavus ADOLPHUS IN GERMANY, AND OTHER LECTURES ON THE 
Tuirty YEARS’ War. Third Edition, Enlarged. Fep. 8vo. 45. 

PLUTARCH: His LIFE, HIS Lives, AND HIs Morais. Second Edition, 
Enlarged. Fcap. 8vo. 35. 6d. 

REMAINS OF THE LaTE Mrs. RicHaRD TRENCH. Being Selections 
from her Journals, Letters, and other Papers.. New and Cheaper Issue, With 
Portrait. 8vo. 65. ; 
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TUTHILL (C. A. H.)—OrtciIn anp DEVELOPMENT OF CHRISTIAN 
Docma. Crown 8vo. 3s. 6d. 

TWINING (Louisa)—WoRKHOUSE VISITING AND MANAGEMENT DURING 
TWENTY-FIVE YEARS. Small crown 8vo. 2s. 

Two CENTURIES or IRIsH Hisrory, Edited by James Bryce, M.P. 
8vo. 165. 

UMLAUFT (F.\—TuE Atps. Illustrated. 8vo, 

VAL DEREMAO (/. Pf.) D.D—THE SERPENT OF EDEN. Crown 
8vo. 45. 6d. 

VAUGHAN (H. Halford)—Ntw READINGS AND RENDERINGS OF 
SHAKESPEARE’S TRAGEDIES. 3 vols. Demy 8vo. 12s. 6. each. 


VICAR Y( /. Fulford)—Saca Time. With Illustrations. Cr. 8vo. 75. 62. 
VOLCKXSOM (&. W. v.)--Carncuism OF ELEMENTARY MODERN 


CHEMISTRY, Small crown 8vo. 35. 

WALPOLE (Chas. George)—A SHORT History oF JRELAND FROM THE 
EARLIEST TIMES TO THE UNION WITH GREAT BRITAIN. With 5 Maps and 
Appendices, Third Edition. Crown 8vo. 6s, 

WARD (William George) Ph.D.— Essays ON THE PHILOSOPHY OF 
are Edited, with an Introduction, by WILFRID WARD, 2 vols. demy 

vo. 215, 

WARD (Wilfrid)—Tue Wis To BELIEVE: A Discussion concerning 
the Temper of Mind in which a reasonable Man should undertake Religious 
Inquiry. Small crown 8vo. 55. 

WARNER (Francis) M.D.—LECTURES ON THE ANATOMY OF MovVE- 
MENT. Crown 8vo. 45. 6d, 

WARTER (/. W.)—An OLD SHROPSHIRE Oak. 2 vols. demy 8vo. 28s. 


WEDMORE (frederitk)—TuE Masters oF GENRE Paintinc. With 
Sixteen Illustrations, Post 8vo. 7s. 6d. 
WHIBLEY (Charles)—CamBRIDGE ANECDOTES. Crown 8vo. 75. 6d. 


WHITMAN (Sidney)—ConvENTIONAL Cant: Its Results and Remedy. 
Crown 8vo. 6s. 

WHITNEY (Prof. William Dwight)—ESSENTIALS OF ENGLISH GRAMMAR, 
for the Use of Schools. Second Edition, crown 8vo. 35. 6d. 

WHITWORTH (George Ciifford)—AN Ancto-InDIAN DicTIONARY: 
a Glossary of Indian Terms used in English. Demy 8vo. cloth, 12s. 

WILBERFORCE (Samuel) D.D.—ULirg. By R. G. WILBERFORCE, 
Crown 8vo. 6s. 

WILSON (Mrs. R. F.)—THE CHRISTIAN BROTHERS : THEIR ORIGIN 
AND Work. Crown 8vo. 65. 

WOLTMANN (Dr. Alfred), and WOERMANN (Dr. Karl)— 
History oF PaInTinG. Vol. I, Ancient, Early, Christian, and Medieval 
Painting. With numerous Illustrations. Super-royal 8vo. 28s.; bevelled 
boards, gilt leaves, 30s. Vol. II. The Painting of the Renascence. Cloth, 
42s. ; cloth extra, bevelled boards, 455, 

WorpDSs oF JESUS CHRIST TAKEN FROM THE GOSPELS. Small crown 8vo. 
2s. 6d, 

YOUMANS (£liza A.)\—First Boox or Botany. Designed to cultivate 
the Observing Powers of Children, With 300 Engravings. New and Cheaper 
Edition. Crown 8vo, 2s. 6d. 

YOUMANS (Edward L.) M.D.—A Cuass Book or CHEMIsTRY, on the 
Basis of the New System, With 200 Illustrations. Crown 8vo, 55. 

YOUNG (Arthur).—AxiaL Potarity or Man’s Worb-EMBoDIED 
IDEAS, AND ITS TEACHING. Demy 4to. 155, 
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THE INTERNATIONAL SCIENTIFIC 
SERIES. 


I. Forms oF WATER: a Familiar Expo- 


sition of the Origin and Phenomena of | 


Glaciers. By J. Tyndall, LL.D., 
F.R.S. With 25 Illustrations. 
Ninth Edition, Crown 8vo. 5s. 


II. Puysics AND PoLiTics; or, Thoughts 
on the Application of the Principles 
of ‘Natural Selection’ and ‘ Inheri- 
tance’ to Political Society. By Walter 


Bagehot. Eighth Edition. Crown 
8vo. 55. 
III. Foops. By Edward Smith, M.D., 


LL.B., F.R.S. With numerous Illus- 
trations. Ninth Edition. Crown 8vo. 
55. 

IV, Minp AND Bopy: the Theories and 
their Relation. By Alexander Bain, 
LL.D. With Four Illustrations. 
Eighth Edition. Crown 8vo. 55. 


V. THe Stupy oF Sociotocy. By Her- 
bert Spencer. Thirteenth Edition. 
Crown 8vo, 55. 

VI. ON THE CONSERVATION OF ENERGY. 
By Balfour Stewart, M.A., LL.D., 
F.R.S. With 14 Illustrations. Seventh 
Edition. Crown 8vo. 55. 


VII, ANIMAL Locomotion ; or, Walking, 
Swimming, and Flying. By J. B. 
Pettigrew, M.D., F.R.S., &c. With 
130 Illustrations, Third Edition. 
Crown 8vo. 55. 

VIII. RESPONSIBILITY IN MENTAL 
DisrasE. By Henry Maudsley, M.D. 
Fourth Edition, Crown 8vo. 55. 


IX. THE NEw CHEMISTRY. By Professor 
J. P. Cooke. With 31 Illustrations. 
Ninth Edition, remodelled and en- 
larged. Crown 8vo. 5s. 


X. THE ScIENCE oF LAw.. By Professor 
Sheldon Amos, Sixth Edition. Crown 
8vo. 55. 

XI, ANIMAL MEcHANISM: a Treatise on 
Terrestrial and Aérial Locomotion. 
By Professor E. J. Marey. With 117 
Illustrations. Third Edition, Crown 
8vo. 55. : 

XII, THe DoctTrRINE oF DESCENT AND 
Darwinism. By Professor Oscar 
Schmidt. With 26 Illustrations. 
Seventh Edition, Crown 8vo. 5s, 


XIII. Tue History of THE CONFLICT 
BETWEEN RELIGION AND SCIENCE. 
By J. W. Draper, M.D., LL.D. 
Twentieth Edition. Crown 8vo. 5s. 

XIV. Funci: their Nature, Influences, 
Uses, &. By M. C. Cooke, M.D., 
LL.D. Edited by the Rev. M. J. 
Berkeley, M.A, F.L.S. With nu- 
merous Illustrations, Fourth Edition. 
Crown 8vo. 5s. 

XV. THe CHEMICAL EFFEcTs OF LIGHT 
AND PHoToGRAPHY. By Dr. Her- 
mann Vogel, Translation thoroughly 
revised. With 100 Illustrations. Fifth 
Edition. Crown 8vo. 5s. 

XVI. THE LiFe AND GROWTH OF LAN- 
GUAGE, By Professor William Dwight 
Whitney. Fifth Edition, Crown 
8vo. 55. 

XVII. Monry AND THE MECHANISM OF 
ExcHancE. By W. Stanley Jevons, 
M.A., F.R.S. Eighth Edition. 
Crown 8vo. 55. 

XVIII. THE Nature or Licut. With 
a General Account of Physical Optics. 
By Dr. Eugene Lommel. With 188 
Illustrations and a Table of Spectra 
in Chromo-lithography. Fourth Edit. 
Crown 8vo. 55. 

XIX. ANIMAL PARASITES AND MEss- 
MATES. By P. J. Van Beneden. 
With 83 Illustrations. Third Edition. 
Crown 8vo. 55. 

XX. FERMENTATION. By _ Professor 
Schittzenberger. With 28 Illustrations. 
Fourth Edition. Crown 8vo. 55. 

XXI. THE Five SENSES oF MAN. By 
Professor Bernstein. With 91 Illus- 
trations. Fifth Edition. Crown 8vo. 
5s. 

XXII. THz THEoRY oF SOUND IN ITS 
RELATION To Music. By Professor 
Pietro Blaserna, With numerous Illus- 
trations. Third Edition. Crown 8vo. 
55. 

XXIII. Stupies IN SPECTRUM ANALY- 
sis. By J. Norman Lockyer, F.R.S. 
Fourth Edition. With six Photogra- 
phic Illustrations of Spectra, and nu- 
merous Engravings on Wood. Crown 
8vo. 65, 6a, 


26 


A List of 


XXIV, A HisTrory OF THE GROWTH OF 
THE STEAM ENGINE, By Professor 


R. H. Thurston. With numerous 
Illustrations, Fourth Edition. Crown 
8vo. 55. 

XXV. EpucaTion as A ScIENcE. By 
Alexander Bain, LL.D. Sixth 
Edition. Crown 8vo. 55. 

XXVI. THE Human Specigs. By Prof. 


A. De Quatrefages. Fourth Edition, 
Crown 8vo. 55, 

XXVII. MoperRN CHROMATICS, With 
Applications to Art and Industry, By 


Ogden N. Rood. With 130 original 


Illustrations, Second Edition. Crown . 


8vo. 55. 

XXVIII. THE CrayFIsH: an Introduc- 
tion to the Study of Zoology. By 
Professor T. H. Huxley. With 82 
Illustrations, Fourth Edition. Crown 
8vo. 55. ; 

XXIX. THE BRAIN aS AN ORGAN OF 
Minp. By H. Charlton Bastian, 
M.D. With numerous Illustrations. 
Third Edition. Crown 8vo. 5s. 


XXX. THe Atomic Tuxory. By Prof. 
Wurtz. Translated by G. Clemin- 
shaw, F.C.S. Fifth Edition, Crown 
Bvo. 55. 

XXXI. THE NATURAL CONDITIONS OF 
EXISTENCE AS THEY AFFECT ANIMAL 
Lire. By Karl Semper. With 2 Maps 
and 106 Woodcuts, Third Edition. 
Crown 8vo, 55. 

XXXII. GENERAL PHYSIOLOGY OF 
MUSCLES AND NERVES. By Prof. J. 
Rosenthal. Third Edition. With 
Illustrations. Crown 8vo. 55. 


XXXIII. Sicur: an Exposition of the 
Principles of Monocular and Binocular 
Vision. By Joseph Le Conte, LL.D. 
Second Edition. With 132 Illustra- 
tions. Crown 8vo. 5s. 

XXXIV. IL.usions: a Psychological 
Study. By James Sully. Third 
Edition, Crown 8vo. 55. 


XXXV. VOLCANOES: WHAT THEY ARE 
AND WHAT THEY TEACH.” By 
Professor J. W. Judd, F.R.S. With 
92 Illustrations on Wood, Fourth 
Edition. Crown 8vo. 5s. 

XXXVI. SvuicipE: an Essay on Com- 
parative Moral Statistics. By Prof, 
H. Morselli. Second Edition, With 
Diagrams, Crown 8vo. 5s. 


XXXVIIL THE BRAIN AND ITs FUNC: 
Tions. ByJ. Luys. Second Edition. 
With Illustrations. Crown 8vo. 5s. 


XXXVIII. MytH aAnpD ScIENCE: an 
Essay. By Tito Vignoli. Third 
Edition, Crown 8vo, 5s. 


XXXIX. THE Sun. By Professor Young. 
With Illustrations. Third Edition. 
Crown 8vo. 5s. 


XL. Ants, BEEs, AND Wasps: a Record 
of Observations on the Habits of the 
Social Hymenoptera. By Sir John 
Lubbock, Bart., M.P. With 5 Chromo- 
lithographic _ Illustrations. Ninth 
Edition, Crown 8vo 5s. 


XLI. ANIMAL INTELLIGENCE. By G, J. 
Romanes, LL.D., F.R.S. Fourth 
Edition. Crown 8vo. 55. 


XLII. Tue CoNcEPTsS AND THEORIES OF 
MoverN Puysics. By J. B. Stallo. 
Third Edition. Crown 8vo. 55. 

XLII. Diskases of Memory: an Essay 
in the Positive Pyschology. By Prof. 
Th. Ribot. Third Edition. Crown 
8vo. 55. 

XLIV. Man BEFORE METats. By N, 
Joly. Fourth Edition. Crown 8vo. 55. 


XLV. THE ScIENCE oF PoLiTics. By 


Prof. Sheldon Amos, Third Edit. 
Crown. 8vo. 55. 
XLVI. ELEMENTARY METEOROLOGY. 


By Robert H. Scott. Fourth Edition. 
With numerous Illustrations, Crown 
8vo. 5s. 

XLVII. THE ORGANS oF SPEECH AND 
THEIR APPLICATION IN THE FoR 
MATION OF ARTICULATE SOUNDS 
By Georg Hermann von Meyer. 
With 47 Woodcuts. Crown 8vo. 55. 


XLVITI. Fattacirs: a View of Logic 
from the Practical Side. By Alfred 
Sidgwick, Second Edition. Crown 
8vo. 55. 

XLIX. ORIGIN oF CULTIVATED PLANTS. 
By Alphonse de Candolle. Second 
Edition. Crown 8vo. 55. 

L. JELLY FisH, STar FIsH, AND SEA 
Urcuins. Being a Research on 
Primitive Nervous Systems. By 
G. J. Romanes. Crown 8vo. 55, 

LI. THE ComMON SENSE OF THE EXACT 
Sciences, By the late William King- 
don Clifford, Second Edition. With 
too Figures. 55. 
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LII. PuysicaL Expression: ITs MoDES 
AND PRINCIPLES, By Francis Warner, 
M.D., F.R.C.P. With 50 Ilustra- 
tions. 55. 


‘LITI. ANTHRoporp Apres. By Robert 
Hartmann. With 63 Illustrations. 55. 


LIV. THE MAMMALIA IN THEIR RELA- 
TION TO PRIMEVAL TimES. By 
Oscar Schmidt. With 51 Woodcuts. 
5s. 


LV. CoMPARATIVE LITERATURE. By H. 
Macaulay Posnett, LL.D. 55. 


LVI. EARTHQUAKES AND OTHER EARTH 
MoveEMENTS. By Prof. JOHN MILNE, 
With 38 Figures. Second Edition. 55. 


LVII. MicroBEes, FERMENTS, AND 
Mouups. By E. L. TRovEssart. 
With 107 Illustrations. 55, 


LVIII. GEOGRAPHICAL AND GEOLOGI- 
CAL DISTRIBUTION OF ANIMALS. 


LIX. WEATHER. A Popular Exposition 
of the Nature of Weather Changes 
from Day to Day. By the Hon. 
Ralph Abercromby. ‘With 96 Illus- 
trations. Second Edition. 55. 

LX. ANIMAL MaGNeETism. By Alfred 
Binet and Charles Féré. 55. 

LXI. ManuaL oF BritisH Discomy- 
CETES, with descriptions of all the 
Species of Fungi hitherto found in 
Britain included in the Family, and 
Illustrations of theGenera, By William 
Phillips, F.L.S. 55. 

LXII. INTERNATIONAL Law. With Ma- 
terials for a Code of International 
Law. By Professor Leone Levi. 55. 

LXIII. THz GroLtocicaL HIsTORY OF 
Pants. By Sir J. William Dawson, 
With 80 Illustrations. 5s. 


| LXIV. THE ORIGIN OF FLORAL STRUC- 


‘TURES THROUGH INSECT AND OTHER 
AGENCIES, By Professor G. Henslow. 

LXV. ON THE SENSES, INSTINCTS, AND 
INTELLIGENCE OF ANIMALS. With 
special Reference to Insects. By Sir 
John Lubbock, Bart., M.P. 100 
Illustrations. 55. 


By Professor A. Heilprin. With. 
Frontispiece. 55. 
* 
MILITARY 


BARRINGTON (Capt. F. T.)—ENGLAND 
ON THE DEFENSIVE; or, the Problem 
of Invasion Critically Examined. 
Large crown 8vo. with Map, 7s. 6d. 

BRACKENBURY (Col. C. B.) R.A. 
—MILITARY HANDBOOKS FOR REGI- 
MENTAL OFFICERS: 

I, MiuiTrary SKETCHING AND RE- 
CONNAISSANCE, By Colonel F. J. 
Hutchison and Major H. G. Mac- 
Gregor. Fifth Edition. With 15 
Plates. Small crown 8vo. 4s. 

II, THE ELEMENTS OF MODERN 
Tactics PRACTICALLY APPLIED TO 
ENGLISH Formations. By Lieut.- 
Col. Wilkinson Shaw. Sixth Edit. 
With 25 Plates and Maps. Small 
crown 8vo. 95. 

III. Firtp ARTILLERY: its Equip- 
ment, Organisation, and Tactics. By 
Major Sisson C. Pratt, R.A. With 
12 Plates, Third Edition, Small 
crown 8vo. 6s. 

IV. Tue ELEMENTS oF MILITARY 
ADMINISTRATION. First Part: Per- 
manent System of Administration. 
By Major J. W. Buxton. 
crown 8vo. 7s. 6d, 


Small - 


WORKS. 


BRACKENBURY (Col. C. B.) R.A. 
continued, 


V. Miitary Law: its Procedure and 


Practice. By Major Sisson C. Pratt, 
R.A. Third Edition. Small crown 
8vo. 45. 6d. 


VI. CavaLRy IN MopeRN War. By 
Major-General F. Chenevix Trench. 
Small crown 8vo. 65. 


VII. FreLp Works, Their Technical 
Construction and Tactical Applica- 
tion. By the Editor, Col. C. B. 
Brackenbury, R.A. Small crown 8vo. 


BROOKE (Major C. K.)—A SysTEM OF 
FI£LD TRAINING. Small crown 8vo. 
25. 


CLERY (Col. C. Francis) C.B.—MINOR 


Tactics. With 26 Maps and Plans, 
Eighth Edition. Crown 8vo. gs. 


COLVILE (Lieut.-Col. C. F.)—MILI- 
TARY TRIBUNALS, Sewed, 25. 6d. 


CRAUFURD (Capt. H. F.)—SuccEs- 
TIONS FOR THE MILITARY TRAIN- 
ING OF A COMPANY OF INFANTRY. 
Crown 8vo, Is, 6d. 
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HAMILTON (Capt. Ian) A.D.C,—THE 
FIGHTING OF THE FUTURE. Is. 


HARRISON (Lieut.-Col. R.) — THE 
OFFICER’s MEMORANDUM BooK FOR 
PEACE AND War. Fourth Edition. 
Oblong 32mo. roan, with pencil, 35. 62. 


NoTEs ON CAVALRY TACTICS, ORGANI- 
SATION, &c. By a Cavalry Officer. 
With Diagrams. Demy 8vo. 12s. 


PARR (Col. H. Hallam) C.M.G.—THE 
Dress, HorsEs, AND EQUIPMENT OF 
INFANTRY AND STAFF OFFICERS. 
Crown 8vo, Is, 


FURTHER TRAINING AND EQUIPMENT 
OF MOUNTED INFANTRY. Crown 
8vo. Is. 


SCHAW (Col. H.)\—THEr DEFENCE AND 
ATTACK OF PosITIONS AND LOCALI- 
Tizs. Third Edition, revised and 
corrected. Crown 8vo, 35. 6d, 

STONE (Capt. F. Gleadowe) R.A.—TAC- 
TICAL STUDIES FROM THE FRANCO- 
GERMAN War OF 1870-71. With 
22 Lithographic Sketches and Maps, 
Demy 8vo. Ios, 6d. 

THE CAMPAIGN OF FREDERICKSBURG, 
November-December, 1862: a Study 
for Officers of Volunteers. By a 
Line Officer. Second Edition. Crown 
8vo. With Five Maps and Plans. 55. 

WILKINSON (H. Spenser) Capt. 20th 
Lancashire R. V.—C1rTIZEN SOLDIERS. 
Essays towards the Improvement of 
the Volunteer Force. Cr. 8vo, 25, 6d. 


POETRY. 


ADAM OF ST. VICTOR—THE LituR- 
GICAL PoETRY OF ADAM OF ST. 
Victor. From the text of Gautier. 
With Translations into English in the 
Original Metres, and Short Explana- 
tory Notes. By Digby S. Wrangham, 
M.A. 3vols. Crown 8vo. printed on 
hand-made paper, boards, 215. 


ALEXANDER (William) D.D., Bishop 
of Derry—St. AUGUSTINE'S HOLI- 
DAY, and other Poems. Crown 8vo. 6s. 

AUCHMUTY (A. C.)—PoEms oF ENG- 
LIsH HEROIsM: From Brunanburgh 
to Lucknow; from Athelstan to Albert. 
Small crown 8vo. Is. 6d. 

BARNES (William)—PorEmMs OF RURAL 
LirE, IN THE Dorset DIALECT, 
New Edition, complete in one vol. 
Crown 8vo, 6s. 

BAYNES (Rev. Canon H, R.)—HomMe 
Sones For QuieT Hours. Fourth 
and cheaper Edition. Fep. 8vo. 2s. 6d. 

BEVINGTON (L. S.)—Kry NOTEs. 
Small crown 8vo. 55. 

BLUNT (Wilfrid Scawen)—TuHE WIND 
AND THE WHIRLWIND. Demy 8vo. 
Is. 6d. 

THE LovE SONNETS OF PRoTEvs.. Fifth 
Edition, 18mo. cloth extra, gilt top, 55. 


BOWEN (H. C.) M.A.—SIMPLE ENG- 
LIsH PorMs. English Literature for 
Junior Classes, In Four Parts. Parts 
I. II. and III. 6¢. each, and 
Part IV. 1s., complete 3s, 


BRYANT (W. C.) — Porms. 
Edition, with Frontispiece. 
crown 8vo. 35. 6d. 


CaLDERON’s Dramas: the Wonder- 
working Magician—Life is a Dream 
—the Purgatory of St. Patrick. Trans- 
lated by Denis Florence MacCarthy. 
Post 8vo. ros, 


CAMPBELL (Lewis)—Soruocres. The 
Seven Plays in English Verse. Crown 
8vo. 75. 6a. 


CERVANTES.—JouRNEY TO ParR- 
NassuS. Spanish Text, with Trans- 
lation into English Tercets, Preface, 
and Illustrative Notes, by Jamzs Y. 
Gigson, Crown 8vo. 125, 

Numantia; a Tragedy. Translated 
from the Spanish, with Introduction 
and Notes, by JAMES Y. GIBSON. 
Crown 8vo., printed on hand-made 
paper, 55. 

Cip Batuaps, and other Poems. Trans- 
lated from Spanish and German by 
J. Y. Gibson. 2 vols. Crown 8vo. 12s. 


CARISTIE (A. F.)—THE END or Man. 
Fourth Edition, Fep. 8vo. 2s. 6d. 


COX HEAD (£thel)—BiRDs AND BABIES, 
Imp. 16mo. With 33 Illustrations. Is. 


DANTE—THE DIVINA COMMEDIA OF 
Dante ALIGHIERI. Translated, line 
for line, in the ‘Terza Rima’ of the 
original, with Notes, by FREDERICK 
K. H, HasE.root, M.A. Demy 8vo. 
16s. 


Cheap 
Small 
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DE BERANGER.—A SELECTION FROM 


HIS Soncs. In English Verse. By 
WILLIAM TOYNBEE, Small crown 
8vo, 25. 6d. 


‘ DENNIS (7.) — ENGLISH SONNETS. 
Collected and Arranged by. Small 
crown 8vo. 2s. 6d. 


DE VERE (Aubrey\—PoETICAL WorRKS: 
I, Tort SEARCH AFTER PROSER- 
PINE, &c. 65, 
If. THe LEGENDs oF ST, PATRICK, 
&e. 65. 
WI, ALEXANDER THE GREAT, &c. 6s. 
THE FoRAY OF QUEEN MEAVE, and 
other Legends of Ireland’s Heroic 
Age. Small crown 8vo. 55. 
LEGENDS OF THE SAXON SAINTS. 
Small crown 8vo, 6s. 


LEGENDS AND RECORDS OF THE CHURCH 
AND THE EMPIRE, Small crown 
8vo. 65. 


DOBSON (Austin)—OLDWoRLDIDYLLs, 
and other Verses. Eighth Edition. 
Elzevir 8vo. cloth extra, gilt tops, 6s. 

AT THE SIGN OF THE Lyre, Fifth 
Edition. Elzevir 8vo., gilt top, 6s. 

DOWDEN (Edward) LL.D.—SHAK- 
SPERE’S SONNETS. With Introduc- 
tion and Notes. Large post 8vo. 
7s. 6a. 


DUTT (Toru)—A SHEAF GLEANED IN 
FRENCH FIELps. New Edition. 
Demy 8vo. fos. 6d. 

ANCIENT BALLADS AND LEGENDS OF 
HinDustan. With an Introductory 
Memoir by EpMuND Goss. Second 
Edition. 18mo. Cloth extra, gilt top, 5s. 


ELLIOTT (Ebenezer), The Corn Law 
Rhymer—Porms. Edited by his Son, 
the Rev. Edwin Elliott, of St. John’s, 
Antigua. 2 vols. crown 8vo. 18s, 


ENGLISH VERSE. Edited by W. J. Lin- 
Ton and R. H. Stopparp. In 5 
vols. Crown 8vo. each 5s. 

1. CHAUCER TO BURNS. 

‘2. TRANSLATIONS, 

3. Lyrics OF THE NINETEENTH CEN- 
TURY. 

4, DRAMATIC SCENES AND CHARAC- 
TERS, 

5. BALLADS AND ROMANCES. 

EVANS (Anne)—PoEMS AND Music. 
With Memorial Preface by ANN 
THACKERAY RITCHIE, Large crown 
8vo. 75. 


GOSSE (Edmund W.)—NEwW Poems. 
Crown 8vo, 7s. 6d. 
FIRDAUSI IN EXILE, and other Poems. 
Elzevir 8vo, gilt top, 6s. 


GURNEY (Rev. Alfred)—THE VISION OF 
THE EvuCHARIST, and other Poems. 
Crown 8vo. 55. 

A Curistmas Faccor. 
8vo. 55. 


HARRISON (Cliford)\—In Hours oF 
LEISURE. Second Edition. Crown 
8vo. 55. 


KEATS (Fohn)— PoETICAL Works. 
Edited by W. T. ARNOLD. Large 
crown 8vo. choicely printed on hand- 
made paper, with Portrait in eau forte. 
Parchment, or cloth, 12s. ; vellum, 15s. 

Also, a-smaller Edition. Crown 8vo. 
35. 6d. 


KING (Mrs. Hamilton) —TuE DIscIPLEs. 
Eighth Edition, with Portrait and 
Notes. Crown 8vo. 55, Elzevir 
Edition, 6s. 

A Boox oF DREaMs, 
Crown 8vo. 3s. 6d. 

THE SERMON IN THE HosPITAL. Re-= 
printed from ‘The Disciples.’ Fep. 
8vo. Is. Cheap Edition, 3¢., or 20s. 
per 100. 


KNOX (The Hon. Mrs, O. N.)—Four 
PICTURES FROM A LIFE, and other 
Poems. Small crown 8vo. 3s. 6a. 


LANG (A.)—XXXII BALLADES IN BLUE 
CuinA. Elzevir 8vo, parchment, or 
cloth, 5s. 

Ruymes A LA MODE. 
piece by E. A. Abbey. 
cloth extra, gilt top, 5s. 


LAWSON (Right Hon. Mr. Fastice)\— 
Hymni UsiTatTi LATINE REDDITI, 
with other Verses. Small 8vo, parch- 
ment, 55. 

Livinc ENGLISH POETS. MDCCCLXXXII. 
With Frontispiece by Walter Crane. 
Second Edition. Large crown 8vo. 
printed on hand-made paper. Parch- 
ment, or cloth, 12s. ; vellum, 15s. 


LOCKER (F.)—Lonpon Lyrics. New 
Edition, with Portrait. 18mo. cloth 
extra, gilt tops, 55. 

LovE 1n IptEeNnrss. A Volume of Poems, 
With an etching by W. B. Scott. 
Small crown 8vo. 55. 


Small crown 


Third Edition. 


With Frontis- 
Elzevir 8vo. 
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LUMSDEN (Lieut.-Col. 11. W.)--Bro- 
WULF: an Old English Poem. 
Translated into Modern Rhymes. 
Second and revised Edition. Small 
crown 8vo. 55. 

MAGNUSSON (Etrikr) M.A., and 
PALMER (£. H.) M.A.—Jouan 
Lupvic RUNEBERG’SLYRICAL SONGS, 
IDYLLS, AND EPIGRAMS. Fep. 8vo. 5s. 

MEREDITH (Owen) [The Earl of 
Lytton}|—Lucie, New Edition. With 
32 Illustrations. 16mo. 3s. 6d. ; cloth 
extra, gilt edges, 4s. 6d. 

MORRIS (Lewis) — PoETicAL Works. 
New and Cheaper Editions, with Por- 
trait, complete in 4 vols. 5s. each. 

Vol. I. contains Songs of Two Worlds. 
Twelfth Edition. 

Vol. II. contains The Epic of Hades. 
Twenty-second Edition. 

Vol. III. contains Gwen and the Ode of 
Life. Seventh Edition. 

Vol. IV. contains Songs Unsung and 


Gycia. Fifth Edition. 
Sones oF Britain. Third Edition. 
Fep. 8vo. 5s. 


Tue Eric or Hanes. With 16 Auto- 
type Illustrations after the drawings by 
the late George R. Chapman. 4to. 
cloth extra, gilt leaves, 215. 

THE Epic oF HADES. Presentation Edit. 
4to. cloth extra, gilt leaves, 10s. 6d. 
Tue Lewis Morris BrrTHDAY Book. 
Edited by S. 8. Copeman. With 
Frontispiece after a design by the late 
George R. Chapman. 32mo. cloth 
extra, gilt edges, 25.; clothlimp, Is. 6d. 


MORSHEAD (E. D. A.)\—THE House 
or ATREUS. Being the Agamemnon, 
Libation-Bearers, and Furies of Aés- 
chylus. Translated into EnglishVerse. 
Crown 8vo. 7s. 

THE SUPPLIANT MAIDENS OF AiSCHY- 
Lus. Crown 8vo. 35. 6d. 

MULHOLLAND (Rosa), — VAGRANT 
Verses. Small crown 8vo. 55. 

NADEN (Constance C. W.)\—A MopDERN 
APOSTLE, and other Poems. Small 
crown 8vo. 55. 

NOEL (The Hon. Roden)\—A LITTLE 
CuHILD’s MONUMENT. Third Edition. 
Small crown 8vo. 3s. 62. 

Tue Rep Frac, and other Poems. 
New Edition. Small crown 8vo. 6s. 

THE House oF RAVENSBURG. New 
Edition. Small crown 8vo, 6s. 


NOEL (The Hon, Roden)—continued. 
SONGS OF THE HEIGHTS AND DEEPS. 
Crown 8vo. 6s. 
A MopvERN Faust. Small crown 8vo. 


O'BRIEN (Charlotte Grace) —LyRIcs. 
Small crown 8vo. 35, 6d. 


O'HAGAN (Fohn)—THe Sone oF 
Rovanp. Translated into English 
Verse. New and Cheaper Edition, 
Crown 8vo. 55. 


PFEIFFER (Emily\—Tur RHYME oF 
THE LADY OF THE Rock anp How 
IT GREW. Small crown 8vo., 35. 6d. 
GERARD’s MONUMENT, and other Poems. 
Second Edition. Crown 8vo. 6s. 
UNDER THE ASPENS: Lyrical and 
Dramatic. With Portrait. Crown 
8vo. 6s, 


PIATT (Ff. ¥.)—IpyLs anp LyrIcs OF 
THE OHIO VALLEY, Crown 8vo. 5s. 


PIATT (Sarah M. B.)\—A VovacGE To 
THE ForRTUNATE IsLxEs, and other 
Poems. 1 vol. Small crown 8vo. 
gilt top, 55. 

In PRIMROSE TIME. A New Irish 
Garland. Small crown 8vo. 2s. 6d. 


RarE POEMS OF THE I6TH AND 17TH 


CenTuRIzEs. Edited by W. J. Linton, 
Crown 8vo. 55. 


RHOADES (Fames)\—THE GEORGICS OF 
VirGIL. Translated into English 
Verse. Small crown 8vo. 55. 


ROBINSON (A. Mary F.)\—A HANDFUL 
OF HONEYSUCKLE. Fep. 8vo. 35. 6d. 
THE CROWNED HIppotytus. Trans- 
lated from Euripides. With New 
Poems. Small crown 8vo, cloth, 5s, 
SHAKSPERE’s WorkS. The Avon Edition, 
12 vols. fcp. 8vo. cloth, 18s. ; and in 
box, 21s. ; bound in 6 vols. cloth, 15. 
SopHOcLEs: The Seven Plays in English 
Verse. Translated by Lewis Camp- 
bell. Crown 8vo. 75, 6d, 


SYMONDS (Fohn Addington) —Vaca- 
BUNDULI LIBELLUS. Crown 8vo. 6s. 


TAYLOR (Sir H.)\—Works Complete in 
Five Volumes. Crown 8vo. 30s, 


PHILIP VAN ARTEVELDE. Fep, 8vo. 
35. 6a. 

THE VirGIN Wipow, &c. Fep, 8yo, 
35. 6d. 


THE STATESMAN. Fep, 8vo. 35. 6d, 
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TODHUNTER (Dr. })—LAUvURELLA, 
and other Poems. Crown 8vo. 6s. 6d. 


Forest Sones. Small crown 8vo.3s.6d. 
THE TRUE TRAGEDY OF RIENZI: a 


Drama. Crown 8vo. 3s. 6d. 
ALCESTIS: a Dramatic Poem. Extra 
fcp. 8vo. 55. 
HELENA IN TrROAS. Small crown 
8vo. 2s. 6d. 


TYNAN (Katherine)\—LOUISE DE LA 


VALLIERE, and other Poems. Small 
crown 8vo. 3s. 6d. 
SHAMRocKs. Small crown 8vo. 5s. 


VicTORIAN Hymns: English Sacred 
Songs of Fifty Years, Dedicated to 
the Queen. Large post 8vo. Ios. 6d. 

WATTS (Alaric Alfred and Emma Mary 
Hfowitt) -- AURORA: a Medley of 
Verse. Fep. 8vo. 55. 

WORDSWORTH — SELECTIONS. By 
Members of the Wordsworth Society. 
Large crown 8vo. parchment, I2s. 5 
vellum, 15s. Also, cr. 8vo. cl. 45. 6¢. 

WorDSWORTH BIRTHDAY Boox, THE. 
Edited by ADELAIDE and VIOLET 
WorpDsworTH. 32mo. limp cloth, 
1s. 6@.; cloth extra, 25. 


WORKS OF FICTION. 


‘ALL But:’ a Chronicle of Laxenford 
Life. By PEN OLIVER, F.R.C.S. 
With 20 Illustrations. Second Edit. 
Crown 8vo. 65. 

BANKS (Mrs. G. L.)—Gopv’s PRovI- 
DENCE House. New Edition. Crown 
8vo. 65. 

CHICHELE (Mary)—Doinc and UN- 
DOING: a Story. Crown 8vo. 45. 6d. 


CRA WFURD (Oswald) —SYLVIAARDEN. 
Crown 8vo, 6s. 


GARDINER (Linda)—H1s HERITAGE, 
Crown 8vo. 6s. 

GRAY (Maxwell)—THE SILENCE OF 
Dean MaitTLanp, Fourth Edition. 
Crown 8vo. 6s. 


GREY (Rowland)—BY VIRTUE OF His 
OrFIcE. Crown 8vo. 6s. 
In SUNNY SWITZERLAND. 
crown 8vyo. 55. 
LINDENBLUMEN, and other Stories. 
Small crown 8vo. 55. é 


HUNTER (Hay)—CRIME OF CHRIST- 
mas Day. A Tale of the Latin 
Quarter. By the Author of ‘My 
Ducats and My Daughter.’ Is. 


HUNTER (Hay) and WHYTE (Waiter) 
My DucatTs AND My DAUGHTER. 
New and Cheaper Edition. With 
Frontispiece. Crown 8vo. 6s. 


INGELOW (ean)—OFF THE SKELLIGS, 
A Novel. With Frontispiece. Second 
Edition, Crown 8vo. 6s. 

Ixora. A Mystery. Crown 8vo. 6s. 


FENKINS (Zdward)—A_ SECRET OF 
Two Lives. .Crown 8vo. 2s. 6d, 


Small 


KTELLAND (Alexander L.)—GARMAN 
AND Worse. A Norwegian Novel. 
Authorised Translation by W. W. 
Kettlewell. Crown 8vo. 6s. 

LANG (Andrew)—IN THE Wronc Par- 
ADISE, and other Stories. Crown 
8vo. 6s. 

MACDONALD (G.)—DonaL GRANT. 
Crown 8vo. 65. 

CasTLE WaRLOCK. Crown 8vo. 6s. 

MALCOLM. With Portrait of the Author 
engraved on Steel, Crown 8vo. 6s. 

THE Marquis oF Lossiz. Crown 
8vo. 6s. 

ST. GEORGE AND ST. MICHAEL. Crown 
8vo. 6s. 

PAUL FABER, SURGEON. Crown 8vo. 6s. 

THOMAS WINGFOLD, CURATE. Crown 
8vo. 65, 

Wuat’s MINE’s MINE. Second Edition. 
Crown 8vo. 6s. 

ANNALS OF A QUIET NEIGHBOURHOOD, 
Crown 8vo. 6s. 

THE SEABOARD PaRIsH: a Sequel to 
‘ Annals of a Quiet Neighbourhood.’ 
Crown 8vo. 6s. 

WILFRED CUMBERMEDE. An Auto- 
biographical Story. Crown 8vo. 6s. 
THE Evecr Lapy. Crown 8vo. 65. 

MALET (Lucas)—COLoNEL ENDERBY’s 
WIFE. Crown 8vo. 65. 

A COUNSEL OF PERFECTION. Crown 
8vo. 65. 

MULHOLLAND (Rosa) — MARCELLA 
Grace. An Irish Novel. Crown 
8vo. 65. 

A Fair EMIGRANT. Crown 8vo. 6s. 

OGLE (A. C.) (‘Ashford Owen’) A 
Lost Love. Small crown 8vo. 25. 6d. 
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& Cols Publications. 


PALGRAVE (W. Gifford) HERMANN 
AGHA: an Eastern Narrative. Third 
Edition. Crown 8vo. 6s. 


SEVERNE (Mrs.)—THE PILLAR House. 
With Frontispiece. Crown 8vo. 65. 


SHAW (Flora L,.)—CASTLE BLAIR; a 
Story of Youthful Days. New and 
Cheaper Edition. Crown 8vo. 35. 6d. 


STRETTON (Hesba) — THROUGH A 
NEEDLE’s Eye, AStory. New and 
Cheaper Edition, with Frontispiece. 
Crown 8vo. 6s. 

TAYLOR (Col. Meadows) C.S.1., MRA. 

SezeTa. A Novel. New and Cheaper 
Edition. With Frontispiece. Crown 
8vo. 65. 


TAYLOR (Col. Meadows)C.S.1.,M RIA. 
—continued. 

TIPPOO SULTAUN : a Tale of the Mysore 
War. New Edition, with Frontispiece, 
Crown 8vo. 6s. 

RaLtrH DarRNeELL. New and Cheaper 
Edition. With Frontispiece. Crown 
8vo. 6s. 

A NoBLE QUEEN. New and Cheaper 
Edition. With Frontispiece. Crown 
8vo. 6s, . 

THE CONFESSIONS 
Crown 8vo, 6s. 

TARA: aMahratta Tale. Crown 8vo. 6s. 


WITHIN SOUND OF THE SEA. New 
and Cheaper Edition, with Frontis- 


OF A THUG. 


piece. Crown 8vo. 6s. 


BOOKS FOR 


Brave MEn’s Footsteps. A Book of 
Example and Anecdote for Young 
People. By the Editor of ‘Men who 
have Risen,’ With Four Illustrations 
byC. Doyle. Eighth Edition. Crown 
8vo. 25. 6d. 


COXHEAD (£thel)—BiRDs AND BABIES. 
With 33 Illustrations. Imp. 16mo, 
cloth gilt, Is, 


DAVIES (G. Christopher) — RAMBLES 
AND ADVENTURES OF OUR SCHOOL 
Fietp CLus. With Four Illustra- 
tions. New and Cheaper Edition. 
Crown 8vo. 35. 6d. 


EDMONDS (Herbert) — WELL-SPENT 
Lives: a Series of Modern Biogra- 
phies. New and Cheaper Edition. ’ 
Crown 8vo. 3s. 6d. 


EVANS (Mark)—TuHE STORY OF OUR 
FATHER’s Love, told to Children. 
Sixth and Cheaper Edition of Theology 
for Children. With Four Illustra- 
tions, Fep. 8vo. 15. 6d, 


MAC KENNA (S. F.)—PLucKY FEL- 
With Six 


tows. A Book for Boys. 
Illustrations. Fifth Edition. Crown 
8vo. 35. 6d. 


MALET (Lucas)—LITTLE PEVER. A 
Christmas Morality for Children of 
any Age. With numerous Illustra- 
tions. 55. 


THE YOUNG. 


REANEY (Mrs. G. S.)\—-WAXKING AND 
WorKING; or, From Girlhood ‘to 
Womanhood. New and Cheaper 
Edition, With a Frontispiece. Cr. 
8vo. 35. 6a, 

BLESSING AND BLESSED: a Sketch of 
Girl Life. New and Cheaper Edition. 
Crown 8vo. 35. 62. 

Rose GuRNEY’s Discovery. A Book 
for Girls. Dedicated to their Mothers, 
Crown 8vo. 3s. 6d. 

ENGLISH GIRLS: Their Place and Power. 
With Preface by the Rev. R. W. Dale. 
Fourth Edition. Fep. 8vo. 2s. 6d. 

Just ANYONE, and other Stories. Three 
Illustrations. Royal 16mo. Is. 6¢. 

SUNBEAM WILLIE, and other Stories, 
Three Illustrations. Royal 16mo. 
Is. 6d. 

SUNSHINE JENNY, and other Stories. 
Three Illustrations. Royal 16mo, 
Is. 6d. 

STORR (Francis) and TURNER (Hawes). 
CANTERBURY CHIMES; or, Chaucer 
Tales Re-told to Children. With Six 
Illustrations from the Ellesmere MS. 
Third Edition. Fep. 8vo. 3s. 6¢. 


STRETTON (Hesba)\—Davip Luioyp’s 


LasT WILL. With Four Illustra- 
tions. New Edition, Royal 16mo. 
as. 6d. 


WHITAKER (Florence)—CuRIistv’s IN- 
HERITANCE : A London Story, Illus- 


trated. Royal 16mo. 15, 64. 


Spottiswoode & Co. Printers, New-street Square, London, 
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